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C H A P T E.R - I 
INTRODUCTION 
Natural resources are gift of God to man and water 
j.s one of the most important one, which covers I'^'A of the 
total earth's surface. Water is important only next to 
air. Water is the elixir of life, without it life is not 
possible. The groundwater and surface water form the two 
main resources of fresh water. At present the fresh water 
available for human consumption is only 0.71?i, of which 
0.6/4 lies underground occurring under the varied hydrogeo-
logical environments. Groundwater needs to be explored and 
assessed before it is managed in view of its high demand. 
This has necessiated a detailed appraisal of fresh water 
resources all over the world. "Groundwater is earth's most 
widely distributed resource and is increasingly catering 
to the requirements of the domestic, industrial and 
agricultural sectors. The value of groundwater as a source 
lies in the fact that it is dependable during the drought* 
and can be used with ease and speed and the resource is 
directly under the control of the user. During the past 
few decades, rapid progress has been made in the development 
of groundwater resources, especially for i r r i g a t i o n . From 
a mere"6.5 million hactares in 19 50-51 i t s contribution 
has increased to 34.8 million hectares by the end of V I I ^ 
plan i . e . 1989-90, accounting for about 45>i of to ta l 
i r r i g a t i o n . The recent estimates on the replinishable 
component of the groundwater potent ial of the en t i re 
country works out to 45,22 m ha rr/yj^* Setting aside 15?4 
of th i s potential for drinking, indus t r ia l and other 
committed uses, the u t i l i s a b l e groundwater resources for 
i r r i ga t i on i s 38.28 m ha rr/yr. The estimated net extraction 
of the grouuidwater development in the country i s 21 ,&/<>" 
(Raju, 1990) . There i s no doubt tha t demand of groundwater 
i s increasing and will continue to grow further. Moreover 
by the turn of the century, the population will touch a 
b i l l i on mark and India will need 234 million tonnes of food 
grains against the present 179 million tonnes. The water 
being an important input in soil-crop-v;ater system, thus 
deserves our at tention to take in to account a l l our water 
resources par t i cu la r ly evaluation of our groundwater 
resources. The quantification oil rosourco data base has 
not been done so for which i s necessary for optimum 
u t i l i z a t i o n and management of groundwater and surface 
water in an integerated manner. Efforts in th i s direction 
have been i n i t i a t e d by the government, prompted by 
unprecedented drought and floods in different par ts of the 
country. 
In the above context, i t has become important to 
make a refined quanti ta t ive evaluation of our groundwater 
resoxirces r ight a t the block level and th« i at the d i s t r i c t 
l e v e l . Such investigations will d ip ic t a harmoneous 
hydrogeological picture of the ent i re country, encompassing 
block wise occurrence, behaviour, quali ty, s ta te of 
development, quantity of usable groundwater resource and 
scope of i t s further development. 
Accordingly the present investigation of Dibai 
block, d i s t r i c t , Bulandshahr in Ganga Nim sub-basin(Plate~l) 
was undertaJcen with the following object ives. 
1. To decipher subsurface geology and aquifer geometry 
in the basin. 
2. To study the origin, occurrence, and movement of 
water level fluctuation in time and space. 
3 . Delineating different aquifer horizons in the 
area and their in t e r - re l a t ionsh ip . 
4 . Delineating areas of groundv;ater recharge and 
discharge with special emphasis on demarcation of 
areas sui table for groundwater development. 
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5, Studying the qual i ty of groundwater and i t s 
su i t ab i l i t y for i r r iga t iona l and domestic purpose. 
6. To evaluate groundwater resoxirces of the Ganga basin 
representing typical hydrogeological se t t ing of 
Gangatic alluvium and to demarcate areas for further 
groundwater development* 
METHODOLOGY: 
The f ie ld work included sett ing up of 112 
observation wells a t an interval of 2 kms. Plate IX. Monitoring of 
pre and post monsoon water levels in dug wells with an 
eye on seasonal f luctuations. Collected water samples from 
selected wells and surface water bodies which were chemically 
analysed for major and trace elCTient s tudies . Also collected 
a hydrogeological, hydrological and hydroroeteorological data 
from s ta te and Central soxirces, Lithologs of the bore holes were 
collected to prepare the geological cross-section in order 
to d ip ic t the aquifer disposit ion in the area. Data re la ted 
to canals were also collected for water balance s tudies . 
Aqxiifer materials from the d r i l l i ng s i t e s were collected, 
mechanically analysed and aquifer permiabili ty were 
determined , 
I»OCATION, EXTENT AND COMMUNICATION; 
Dibai forms the south-eas tern p a r t of the d i s t r i c t 
and i s bounded on the e a s t by the Ganga r i v e r . While on 
the west by the Nim r i v e r . On the southern s ide i t s epa ra tes 
d i s t r i c t Bulandshahr from Aligaxh d i s t r i c t * The block 
i s spread over an area of 268.78 sq. kms. I t l i e s between 
28" 5* and 28° 22' nor th l a t i t u d e and between 78*'15' to 
78*'27' 30" e a s t longi tude and f a l l s i n the survey of Ind ia 
toposheet nos . 53 L / 7 and 53 L / 8 (P la te - I ) . 
The area i s l inked with d i s t r i c t head qua r t e r as 
well as Aligarh by metailled road and Railway l i n e . 
PREVIOUS WORK; 
Central Groundwater Board and the Uttar Pradesh 
State Groundwater Department carried out preliminary studies 
in early seventies and thereafter no one has studied the 
area hydrogeologically till date. 
C H A P T E R - I I 
PHYSICX3RAPmr At)D DRAXKAOB 
The g e n e r a l s l ope of the a r e a i s from n o r t h - w e s t t o 
s o u t h - e a s t as i n d i c a t e d by t h e c o u r s e s of t h e r i v e r s , 
fo l lowing th rough i t . The p h y s i c a l f e a t u r e s of t h e a r e a 
p r e s e n t s a g r e a t d i v e r s i t y of appearences and i s d i v i s i b l e 
i n t o t h e fo l l owing t h r e e d i s t i n c t p h y s i o g r a p h i c u n i t s . 
1« Act ive Channel of t h e Ganga 
2 . Ganga Khadir 
3 . Ganga - Nim Doab 
Active Channel of Ganga 
The river Ganga flows along the eastern borders 
of the area. The bed of the river is formed of coarse 
sand which extends to a depth of 10 mts below the low 
water while beneath this there is 3.60 mts thick bed of 
clay and kankar and further down there occurs a stratum 
of about 6.0 mts brown sand. Initially the river Ganga 
flows due south but it shows a shift due south-east at 
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three places . The f i r s t swing i s noted at MubaraKpur in 
upstream direction further north of the area but the most 
prominent svdng i s observed at Karanbas and the th i rd sh i f t 
due south-east i s observed a t Ramghat. The factor respon-
s ible for there shif ts are the presence of reef of hard 
kankar and clay on the western bank of the r ive r . The sh i f t 
has generated a wide s t re tch of low valleys of the Ganga 
which l i e s between active channel and high banks and i s knovai 
as the ' Ganga Khadir. 
The r iver i s subject to constant a l ternat ions of 
deep channel, i t s course changes yearly and large s tretches 
of land on north-eastern bank are annually cut away being 
replaced by banks thrown up in other places. However, 
western bank a l t e r s somewhat lesser as i t i s protected by 
strong headlands of hard clay mixed with Kankar standing 
six metres or more above the high flood leve l , as i s 
observed a t Anupshahr, Raj ghat and Ramghat. At the foot 
of these bluffs the channel i s generally deep and permanent 
and i t i s well known that some of tliese a t l eas t have stood 
in tac t for well over a century. In the cold weather the 
water i s beautifully cleaur but in the rains the colour i s 
brown with a raddish t inge . The construction of headworks 
of Lower Gang.a Canal at Narora has obstiructed the navigation. 
Further r i v e r , on the down stream of t h i s headworks behaves 
as a braided channel» due to the sudden f a l l in the discharge 
caused by d ivers ion of huge amount of water i n t o the lower-
Ganga-Canal a t Narora. Numerous point bar depos i t s were 
observed sub-pa ra l l e l to the ac t ive channel . 
Ganga Khadir 
The Khadir or the low va l l ey of the Ganga d i f f e r s 
very g r ea t l y from t h a t of yamuna. Tlie Khadir of the Ganga 
i s a narrow fr inge along the foot of the hard c l ay c l i f f 
and throughout most of i t s l eng th there i s no c u l t i v a t i o n 
except of a f l uc tua t ing cha rac t e r . The c lay depos i t s 
however l e f t by the Ganga i s very g rea t ly super ior to 
yamuna sand and y ie lds r i c h ha rves t . At Ramghat the r i v e r 
i s thrown off eastward by reef of hard kankar mixed with 
c lay which p r o t e c t s the v i l l a g e s lower down the stream. 
I t i s fur ther secured by the Lower Ganga Canal works. 
Behind these na tu ra l defences the r i c h a l l u v i a l s o i l of the 
Khadir i s r e g u l a r l y c u l t i v a t e d . The ground in t h i s t r a c t 
i s n a t u r a l l y moist and even sugarcane can be grown without 
a r t i f i c i a l i r r i g a t i o n . Garden c u l t i v a t i o n i s very common 
in the a rea . With these exceptions, the c u l t i v a t i o n of 
Khadir i s genera l ly confined to melon and a small area of 
ce rea l with a l i t t l e sugar-cane. The waste land i s u sua l ly 
covered with th ick g ra s s , p a r t i c u l a r l y as observed in the 
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area l y ing southeast of Narora ba r rage . A l a r g e p a r t of 
the Khadir t s water logged which sus t a ins typha g r a s s . The 
water logging i s due to the seepage from the Lower Ganga 
Canal, which p r a c t i c a l l y flows over a sandy t r a c t through 
the Khadir. The s o i l i s genera l ly r ecen t alluvium 
comprising coarse to medium grey micaceous sand# except i n 
the low ly ing areas which rece ives the flood water of Ganga, 
s i l t and c l ays enrich i t and have made i t very f e r t i l e . 
Numerous sand dunes or po in t bar depos i t s form the charac-
t e r s t i c fea ture of t h i s t r a c t . 
Ganga-Nlm Upland 
I t extend from the high banks of the Ganga due west 
with a gradual r i s e which defines the d iv ide and then i t s 
gradual ly slopes westward, towards the l e f t bank of Nim 
r i v e r . At p laces sub-pa ra l l e l to the s teep bank of Ganga, 
number of sand dunes form a c h a r a c t e r s t i c fea ture of the 
a r ea . • s o i l i s of i n f e r i o r q u a l i t y and i s genera l ly sandy 
in n a t u r e . The s o i l i s cha rac te r i zed by frequent s t r e t c h e s 
of poor l i g h t or uneven s o i l , broken by numerous r a v i n e s . 
These ravines show the inf luence of Ganga the upland. The 
Anupshahr branch of Upper-Ganga-Canal t r a v e r s e s along the 
c r e s t of t he Ganga-Nim upland. 
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DRAINAGE 
As mentioned before/ the Ganga i s the main r i v e r 
passing through the eas t e rn flank of the a rea . Western 
boundary of the area i s defined by the Nim r i v e r which flows 
due south . The r i v e r Ganga d i r e c t l y d ra ins low b e l t of 
Khadir and a small por t ion of uplands from which the surface 
water i s c a r r i e d down by few ravines of small magnitude, 
Nim i s another small drainage of irnportance, as the 
stream r i s e s near the v i l l a g e Aurangabad Chandaukh in 
Bulandshahr d i s t r i c t i t s e l f and d ra ins through the western 
p a r t of the eas tern upland of Ganga-Nim sub-basin . This 
forms the south-western boundary of the area . At Dibai i t 
i s jo ined by a t r i b u t a r y streaia known a Chhoiya. The stream 
flow in sou th-eas t d i r ec t ion in an i r r e g u l a r coa r se . 
CLIMATE AND RAINFALL 
C l i m a t e 
The climate of the area is extremely cold in 
winter and very hot in sum:ner. The area falls under 
sub-tropical climatic zone where during summer the tend-
er ature often rises to 45*'c while during winter it 
touches 4''C. 
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Rainfall 
The monsoon usueilly breaks in the l a s t week of 
June every year causing heav ies t r a i n during Ju ly and August. 
Ramganga s t a t i o n s a t Bulandshahr, Anupshahr, Khvurja and 
Sikandarabad, in the d i s t r i c t measures the i n t e n s i t y of 
r a i n f a l l . Anupshahr raingauge s t a t i o n covers the Diboi block 
too wher^ average annual r a i n f a l l i s 618.97 mrn. (plate I I ) . 
Areal Distribution of Rainfall 
The r a i n f a l l va r i e s considerably according to the 
l o c a l i t y , some p a r t s of the d i s t r i c t being much d r i e r than 
o t h e r s . A perusa l of i sohye ta l map ( P l a t e - I I l ) of the 
d i s t r i c t shows t h a t the i n t e n s i t y of r a i n f a l l i s h ighes t 
a t Anupshahr and Bulandshahr whereas lowest i n Khurja. The 
i sohye ta l m ^ shows t h a t eas te rn p a r t r ece ives highest 
r a i n f a l l whereas i t decreases towards south-west, reaching 
600 mm in Khurja. 
Variabi l i ty of Rainfall 
The ava i lab le r a i n f a l l data of Anupshahr raingauge 
s t a t i o n for the period 'of 19 51 to 1989, except the da ta 
gap from 197 2 to 1981, have been s t a t i s t i c a l l y analysed 
and r e s u l t s tabula ted (Table - 1 ) . I t i s seen t h a t h ighes t 
r a i n f a l l a t Anupshahr i s 1437 nin (1967) v^hereas the lowest 
PLATE - I I 
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186 mm (1953) showing a wide range of v a r i a t i o n . The mean 
annual r a i n f a l l i s 618.97 ram. The standard devia t ion a t 
Anupshahr i s 321,2 and c o - e f f i c i e n t of va r i a t i on i s 51.89% 
Table - X Results of statistical analysis of 
annual rainfall at Anupshahr, Distt 
Buiandshahr. 
Highest rainfall (1967) 
Lov/est rainfall (1953) 
Mean 
S t a n d a r d D e v i a t i o n 
C o - e f f i c i e n t of v a r i a t i o n {'A) 
1437 ram 
186 mm 
6 1 8 . 9 7 mm 
3 2 1 . 2 0 
51.89/o 
DROUGHT ANALYSIS 
D r o u g h t r e f e r s t o l a r g e and p r o l o n g e d l a c k of 
r a i n f a l l a f f e c t i n g a g r i c u l t u r e , d o m e s t i c w a t e r s u p p l i e s and 
o t h e r d o m e s t i c w a t e r s u p p l i e s and o t h e r u n d e r d e p e n d e n t 
economic a c t i v i t i e s . The r a i n f a l l d a t a c o l l e c t e d from 
t h e D i s t r i c t have been t a b u l a t e d f o r d r o u g h t a n a l y s i s . 
The c o m p u t a t i o n t a k e s i n t o a c c o u n t t h e n e g a t i v e d e p a r t u r e 
o f r a i n f a l l from t h e mean ( P l a t e - l l ) . The c l a s s i f i c a t i o n 
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of n e g a t i v e d e p a r t u r e of r a i n f a l l from i t s ine an a r e as 
fo l low: 
Talole -» 2 R e s u l t s of Drought a n a l y s i s a t 
Diba i , D i s t r i c t Bulandshahr 
Types of Drought Year Frequency of 
Occur rence 
1 . I4ild d rough t 196 2, 1966, 1968 27.59 
( 0 . 0 t o 25^) 1982, 1984, 1985 
1986, 1988 
2 . Normal d rough t 1955, 1956, 19 57, 13.79 
25.1% t o 50/o 1989 
3 . Severe Drought 1951, 1952, 1953, 20.69 
50.1;-^ t o 75% 19 54, 19 58, 19 59 
4 , Very seve re 
d rough t 
15% t o 100?^ 
The c a l c u l a t i o n of d rought show t h a t no ve ry s e v e r e 
d r o u g h t has occured a f t e r 1951 t i l l d a t e b u t f requency of 
mild d rough t i s 27.59;i (Table - 2) . 
17 
SOIL TYPBS OF THE AREA 
On the basis of field survey, study of lithologs, 
and also on the basis of toposheets of the study area* 
three types of soils have been found which are as follows; 
1. Sandy loam 
2. Sandy loam to loam 
3. Loam to clay loam 
Sandy loam 
The area near to the main channel of Gasnga i s 
sandy loain, which i s received by t h i s t r a c t year a f t e r 
because of over flowing of ganga during flood season. The 
s o i l i s immature and genera l ly the depos i t i s of s i l t y 
na tu re with a varying colour from l i g h t grey to ash grey. 
General ly the s o i l s are sa l ine in na tu re , consequent 
to shallow groundwater l e v e l s a l t ef f loresence appears to 
be common fea ture of the e n t i r e t r a c t v/hich are l o c a l l y 
ca l l ed as u s a r s . 
Sandy loam t o loam s o i l 
This s o i l type covers the major por t ion of the 
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upland tract. The soil varies in colour from light brown 
to deep brown and texture of soil is sandy to good quality 
loam. These soils are well drained/ hence soil salinization 
is rarely observed so proved to be very good for cultivation. 
Loam to Clay loam soil 
As such these soils have not been found in the 
area but on the basis of groy.ndwater conditions it can only 
be presuned that these soils cover a small portion of 
southern border just on the left side of lower ganga canal* 
C H A P T E R - I I I 
GE0L0G5f OF THE AREA 
P h y s i o g r a p h i c a l l y / I n d i a i s d i v i s i b l e i n t o t h r e e 
d i s t i n c t u n i t s v i z t h e P e n i n s u l a , t h e H i m a l a y a s and t h e 
I n d o - g a n g a t i c p l a i n . The I n d o - g a n g a t i c p l a i n c o n s i s t s o f 
S i n d h b a s i n , t h e P u n j a b b a s i n , t h e Ganga b a s i n , B r a h m a p u t r a 
b a s i n e t c . The Ganga b a s i n i s an i m p o r t a n t p a r t of t h e 
I n d o - G a n g a t i c p l a i n , 'Which e x t e n d s from D e l h i - H a r d w a r r i d g e 
i n t h e w e s t t o i4onghyr - S a h a r s a r i d g e i n t h e e a s t . T h e r e 
a r e v a r i o u s s h a d e s of o p i n i o n t e g a r d i n g i t s o r i g i n , some 
o f t h e s e viev/s a r e a s f o l l o w s . 
S u e s s (19 24) r e g a r d e d i t as a " f o r e - d e e p " , 
B u r r a r d (1915) assumed i t " a g r e a t r i f t v a l l e y " f i l l e d u p 
w i t h a l l u v i u m o f t t i i c k n e s s 4 . 5 km (Oldhem 1917) t o 20 km 
( P a s c o e 1954) . S i n c e l a s t t h r e e d e c a d e s i t h a s a t t a i n e d 
more i i n p o r t a n c e due to g r e a t p r o s p e c t of p e t r o l e u m and 
g r o u n d w a t e r . F u r t h e r , K r i s h n a n (1968) s u g g e s t e d t h a t t h e 
I n d o - G a n g a t i c d e p r e s s i o n m u s t h a v e been formed i n t h e l a t e r 
s t a g e s o f t h e H ima layan Orogony when t h e I n d i a n s h i e l d 
u n d e r t h r u s t t h e A s i a n c o n t i n e n t . 
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Valdiya (1982) i n t e r p r e t e d i t as a r e s u l t a n t 
e f f e c t of sagging of the northern flank of plateform around 
the Bundelkhand sh ie ld following the main e p i s o d e of the 
Himalayan orogeny. The depressed plateform became the s i t e 
of sedimentation by vigorous fluvieil agencies predominantly 
from the newly r i s en Himalayas. Thus tlie Gaiiga basin i s 
the d i r e c t consequence of compressive deformation of the 
northern fr inge of the Peninsula by the Himalayan orogeny 
According to Dickinson (1974) major sedimentory 
basins developed between f o l d - t h m s t b e l t s and the Craton, 
over wlxLch the mountain b e l t i s t h r u s t . These are ca l l ed 
as Fore-land b a s i n s . Dickinson (1974) considers the 
Indo-Gangatic trough as the most impressive p resen t day 
per iphera l fore- land basin (P la te - IV) formed as a r e s u l t 
of cont inent - cont inent Goll ison between Indian and Asian 
p l a t e s . The basin has developed on the under t h r u s t Indian 
p l a t e and due to loading of t h r u s t sheets in the Himeilayas 
causing a v i s c o e l a s t i c f l ex tu re in the c r u s t allowing 
sediments to accumulate under f l uv i a l p rocess . 
According to Singh (19 89) the Gangatic p l a i n i s 
p a r t of an ac t ive fore- land basin (per iphera l type) 
developed on the under tliruijtiuy indiau p l a t e in response 
PLATE IV 
MAP SHOWING CONTINENT-CONTINENT C0LLI5I0 OF INDIA 
AND ARABIAN PLATES WITH ASIA (After, Reading,1986) 
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to the t h r u s t fold b e l t loading in the Himalayas. 
In the l i g h t of recent i n v e s t i g a t i o n s c a r r i e d out 
mainly by the O.N.G.C. and C.G.V7.B. for the search of 
petroleum and groundwater, new l i g h t has been thrown on the 
t ec ton ic framework and sub-surface topography of the Ganga 
bas in . The Faizabad high p r a c t i c a l l y d ivides the Ganga -
basin i n t o two halves, i . e . East U.P. shelf and West U.P. 
shelf (Pla te - V) . 
The East U.P. Shelf extends frora the eas te rn flank 
of Faizabad r idge to the Monghyr - Saharsa r i d g e . I t i s 
fu r the r divided as shelf area and Gondalc depression (Pla te V) 
The Western U.P. shelf extends from the western 
flank of the Faizabad r idge to Delhi - iiardwar r i d g e . I t 
has fur ther been divided i n to two sub-d iv i s ions , the area 
^ l a s t of Moradabad f au l t and the area west of i t (P la te V) 
Eastern p a r t c o n s i s t of Bareily - Lucknow shel f and the 
Sarda deep where as on the weaturn side oil Moradabad fau l t , 
e x i s t s the Roorkee - Moradabad shelf and Hardwar deep. On 
the bas i s oL" alx)ve d iscuss ion , the Gtuiga basin c o n s i s t s of 
a l t e r n a t e r idges and dep ress ions (Pla te — VI) which are as 
follows ( S a s t r i , e t a l . 1971, Rao 1973). 
PLATE V 
NEOCENE 
PALEOGENE 
MESOZOIC 
SEDIMENTARY COVER OF 
GANGA BASIN 
imiiMiirn ooNowAN^LOWERANnupPERUNDIFFERENTIATED) 
"""•-••"'"(UPPFI? CAIUJONIFEPOUS LOWER CRETACEOUS) ~ 
^ 
VINDHYAN 
(UPPER PROTEROZOIC LOWER PALAEOZOIC) 
en:) 
p^v;:;;| LIMITS OF MESOZOIC EFFUSIVES 
( DECCAN TRAP<VRA IMA I IA I TRAPS r !C) 
TECTONIC AND STRUTURAL 
FEATURES 
STRUCTURES OF SUPER ORDER SYNECUSE5 
STRUCTURESOF FIRST ORDER NEGATIVE 
STRUCTURES O F H R S T ORDER POSITIVE 
STRUCTURESOF SECOND ORDER NEGATVE 
STUCTURES OF SECOND ORDER POSITIVE 
STRUCTURES OF THIRD ORDER LDCALHIGII 
6 
/ / 
FAULTS ( MAJOR) 
THRUST5(LIMITING THE PLATFORM MARGIN) 
OTHER THRUSTS 
TREND LINES 
ANTICLINAL AXtES 
SYNCLINAL AXIES 
16° 
- BASEMENT DEPTH CONTOURS 
( A F T E R T F r r n M i r M A C , O ^ . ( B ^ S E D O N AEROMAGNETIC DATA) 
(AFTER TECTONIC MAPOFINDlA j96e BY OILaNATURAL GAS COMMISSION) 
0' 
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1. llardwar - Rishikesh spur 
2. Ramganga Depression 
3. Pawalgarh spur 
4. Kasganj - Tanakpur spur 
5. Sarda Depression 
6. Faizabad Ridge 
1. Hardwar - Rishikesh Spur-
This is of great importance because the Ganga river 
follows this while entering the plains. This is supposed 
to be the extension of Delhi group of rocks toward 
Hardwar and hence the name. 
2 . Raroganga Depress lon-
This i s l i n d t e d t o t h e n o r t h - w e s t by Hardwar -
R i s h i k e s h spur and t o the s o u t h - e a s t by Tanakpur s p u r . Which 
i s a n o r t h e r n e x t e n s i o n of Badaun Arch i n t h e Ganga V a l l e y . 
The o l d e s t r o c k s of Paleogene preseirved i n t h i s d e p r e s s i o n 
c o n t i n u e i n t o Sa rda Depress ion a c r o s s Tanakpur Spu r . 
( Ralverman a t aL., 1983) 
3 . Pawalgarh Spur-
This i s a l i n e a m e n t of A r a v a l l i h o r s t ex tend ing 
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towards Chandausi is the south. Kosi - uabka river system 
follows this spur. 
*• KasganJ - Tqnalcpur Spur^ 
This spur marks the eastern limit of Aravalli Horst. 
Eastern edge of this spur comcides with the sub-surface 
extension of the Great Boundary Fault of Rajasthan where it 
seperates Aravalli rocks from the Vindhyans. However, the 
drilling data do not support the presence of Aravalli in the 
area, instead the upper Vindhyans are found directly overlying 
the Bundelkhand granites. 
5. Sarda Depression-
This i s bound by Araval l i Horst to the nothwest 
and by Faizabad Ridge to the sou th -eas t . The depth of t h i s 
depression i s more than 6000m. 
6, Faizabad Ridge-
I t t rends in no r theas t - southwest d i r e c t i o n and 
i s a northeastward extension of Bundelkhand massif which 
d iv ides the basin i n t o two p a r t s and forms the basement 
conplex for the Ganga bas in . 
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Sixb-surface Geology of the Area 
In the l i g h t of the above d i scuss ion and on the 
bas i s of the l i t h o l o g i c a l da ta of deep wel l s d r i l l e d by 
O.N.G.G. a t Kasganj and Ujihani and by C.G.W.B. a t SalempUTt 
and Aligarh, the sub-surface geological sequences of the 
study area are probably as follows (P la te - VII ) . 
Quaternary Alluvium Al te rna te l aye r s of sand and 
c lay with in t e rbeds of 
Calc - conc re t i ons . 
, Unconf orrni ty . 
Upper Siwaliks Coarse to medium sandstone with 
Middle Siwaliks var iegated c lays tone and 
(Weogene) occasional carbonaceous s t r e aks 
.unconformity. 
Upper Vindhyan Gre^mlsh - greydolomitic 
l imes tone . 
(Upper Proterozoic) Raddish - brown a rg i l l aceous 
l imestone , 
Uuartz - wacke, Uuart2 a ren i t e 
unconformity 
upper Archean Bundelkhand granite basement. 
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The Bundelkhand g ran i t e forms the basement in the 
Ganga basin and has been encountered in d r i l l i n g a t Ujhani 
a t depth 2161 m . b . g . l . while a t Kanpur near the Panki power 
House the g ran i t e was touched a t a depth of 504 m depth c lose 
to the r i g h t bank of the Ganga rxver . After the inplacement 
of the g ran i t e i t underwent down f au l t i ng generat ing through, 
two bas ins while the middle p a r t remained a Faizabad high. 
The basins became the s i t e s of depos i t ion of Upper Vindhyan 
group of rocks. These rocks underwent s t r u c t u r a l d i s l o c a t i o n s 
and erosion since 600 mil l ion years, out on t h i s paineplane 
Vindhyans Middle and Upper s iwal iks were deposi ted during 
the Upper t e r t i a r y age. The l a s t episode of the Himalayan 
Orogeny gave r i s e to the Indo-Gangatic trough which was 
f i l l e d up by sediments brought by the ru ins from the Himalays 
giving r i s e to the p resen t configurat ion of the Ganga-basin. 
The Quarternery sediments deposi ted on the eroded surface of 
the Upper Siwaliks conprise a l t e r n a t e beds o£ c l ay and sand 
with some in te rbed of Kankars. The thickness of alluvium 
increases due nor th and gains a maximum thickness of 25000 fee t 
c lose to Himalayan foot h i l l s . 
As compared to area l extent of Ganga Basin, the 
number of wel ls d r i l l e d are inadequate to provide ob jec t ive 
s t r a t i g r a p h i c data but probable sub-surface geology of Ganga 
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basin has been evaluated based on the aeromagnetic data, 
seismic, gravity and ground magnetic surveys and deep bore 
hole information. 
On the basis of data available it can only be 
pridicted that the depth to bed rock in the area may be 
around 700 m.b.g.l. 
The study reveals that the peninsular formations 
extend towards the Himalayan foothills and the dislocation 
of these rocks with the passage of time have given rise to 
different depressions which were later healed up through 
the fluvial process leading to present shape of the Ganga 
basin. 
C H A P T E R - IV 
HYDROGEOLOGY 
Hydrogeology, deals with the sub surface d is t r ibut ion 
of rock formations and the i r ab i l i ty to receive, store and 
transmit water. That i t foirms the sc ien t i f i c base for 
groundwater resource evaluation, development and msuiagement 
of a r iver basin or sub basin. 
The Ganga basin i s one of tlie biggest groundwater 
basins of the v/orld. The s t a te of Uttar Pradesh covers 
about tvo thi rd of the Ganga basin and i s d iv is ib le in to 
four hydrogeological un i t s ; viz Bhabar, Tarai, Central Ganga 
plain and Marginal a l luvial p la in . These sub zones form 
the great repository of groundwater and hold the most 
potent ial aquifers in the s t a t e . The Bhabar be l t s t retches 
para l le l to the Himalayan footh i l l s due soutli up to the 
spring l i ne in 15-30 km width extending from Sahsuranpur 
to Tanakpur. I t originated due to the coalescence of fan 
deposits comprising boxildary s t r a t a mixed with sand v;hich 
i s highly transraissive, has deeper water table and recharges 
the deeper aquifers in Tarai and Central Ganga p la in . The 
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spring l i n e defines the southern l imi t of Bhabar and the northern 
l imi t of Tarai, while i t s southern l imi t inperceptibly merges 
with the Central Ganga PlAin. The Tarai beds are characterised 
by predoroinent clayey sediments with in tercala ted beds of 
sands and gravels, with frequent free flowing conditions. The 
southern l imi t of the Central Ganga Plain i s fixed by Yamuna 
and i t s confluence with Ganga stretching from West^North-West 
to East-South-East, th is sub-zone covers the major pa r t of 
the s t a te encompassing the Ganga Yaxtuna Doab and froms the 
groat repository of groundwater and hold most potential aquifers 
in the s t a t e . ( P l a t e VIII) 
The study area fa l l s in the Ganga - Yamuna Doab which 
i s a pa r t of the central Ganga p la in , where Quaternary sedi-
ments conprisG sands of various grades, s i l t and clay often 
intercala ted with calcareous concretions in varying proportions. 
The aquifers are generally len t icu la r in nature and there are 
rapid al ternation and gradations between granular and cleyey 
horizons. The near surface groundvrater occurs xinder unconfined 
while deeper aquifers generally contain water \inder semi-confined 
to confined conditions. 
The r ive r Ganga which i s the principal stream of the 
Ganga basin has given r i s e to various afluifer types through 
PLATE V I I I 
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i t s varying flow regimes dar ing the 0»6 Ma» 
Bvolutlon of Aquifier» 
An aquifer or groxindvrater r e s e r v o i r i s a pernvsable 
geologica l formation capable of y i e ld ing water to wel ls and 
s p r i n g s . Sands and grave l s in xmconsolidated sedimentary 
formations l i k e the Ganga alluvium, form e x c e l l e n t aquifers* 
The granular ma te r i a l s through which groundwater flows, 
c o n s t i t u t e a vas t , dynamic system, a r e s u l t a n t of r i v e r 
system dynaiPics. In a f l u v i a l system, the hydrodynamics 
of tJie flow regime i s much i n ^ o r t a n t i n the evolut ion of 
the aqui fe rs as i t l eads to the t e r r igenous c l a s t i c depo-
s i t i o n and u l t i m a t l y forming channel depos i t s , flood p l a i n 
depos i t s and back swamp d e p o s i t s . 
Channel Deposits 
The typ ica l channel depos i t s of the r i v e r Ganga as 
observed in the study area from bottom upward corrprise 
coarse sand mixed with gravel through medium sand, f ine 
sand to s i l t and a th in c l a y l a y e r a t the t o p . This top 
c lay and some f ine sand l a y e r s are washed away during the 
succeeding flood per iod and a f resh body of sand with f in ing 
upward sequence i s deposi ted again each year, forming thereby 
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a reasonaiJly thick terrigenous c l a s t i c deposits t i l l the 
r ive r changes i t s coarse due to some tectonic control through 
convulsion. These thick boclies of sand JEorm the po ten t ia l 
reposi tor ies of groundwater or potent ia l aquifers. 
Flood Plain Deposits 
During the flood season when the flood water over flows 
the banks, medium to fine sand bodies of moderate thickness 
and limited areal extent are deposited over the flood p l a in . 
These len t icu lar bodies of sand form tlie moderately potent ia l 
aquifers in comparision to the highly potent ia l aquifers of 
the Channel deposi ts . 
Back «« swanp Deposita 
The flood water further moves down the slope^ to the 
low lying areas v^ere i t i s l e f t predominently with the 
suspended materials 'vrfiich get se t t led under the influence 
of gravity and foim the lonsoid body of sand which i s 
further over l a in by the s t i l l finer e l a s t i c s i . e . Clay. 
Thus thexra occurs enclaves of sand bodies intercalated 
within the underlying and overlying thick clay beds. Such 
bodies of sand form the poor aquifers . These aquifers 
are typical representative of back-swamp deposi ts . 
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The position of channel, flood plain and back-swan?) 
deposits keeps on changing with time tha t i s why we do not 
get continuous body of sand or clay e»3ept under very ext-
raordinary si tuation in a single d r i l l hole . These l i t h o l o -
gicsd variat ions are a t t r ibutable to their mode of deposition 
by the constantly shif t ing nature of the r ive r Ganga. 
The Ganga f luvial system which has generated various 
aquifers in the area are as followss 
(a) The Channel deposits are thick bodies of aquifers 
of in f in i t e areal extent, hence form most potent ia l 
groundwater rese rvo i r . 
(b) Flood plain deposits giving r i s e to the len t icu lar 
type of aquifers, l imited in thickness and areal 
extent and are only moderately po ten t i a l . 
(c) Lensoid bodies of sand occuring as enclaves or 
s t r ingers within the thick clay bed, generally forms 
the low potent ial aquifers often wLth qual i ty 
problems. 
We find tha t in a thick Ganga alluvium, the conplexes 
of the channel flood plain and 03dx)W facies reappears 
several times in a well d r i l l ed at places in the area. 
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Thus t h e t e r r i g e n o u s c l a s t i c d e p o s i t i o n a l sys tem of t h e r i v e r 
Ganga i n t h e s t u d y a r e a i s an i n d e x of i t s conp lex hyd ro -
dynamic reg ime which g e n e r a t e d v a r i o u s a q u i f e r s i n t h e 
g r e a t Ganga p l a i n . 
AQUIfER QEOI'IBTRY 
The v a r i o u s c r o s s - s a c t i o n s drawn a c c r o s s t h e a r e a 
r e v e a l t h a t t h e r e ex i f i t s a t h r e e - t i e r a q u i f e r sys tem i n 
D iba i b lock down t o a d e p t h of 120 me t r e s b . g . l . I t i s 
b e i n g obse rved from t h e l i t h o l o g s t h a t more than 50% of 
t o t a l f o rma t ions encoun te red c o n p r i s e sand and g r a v e l 
( P l a t e X t o XII) . 
The top most p o r t i o n of a l l t h e l i t h o l o g s show a 
t h i n l a y e r of c l a y . Below t h i s t o p s u r f a c e c l a y , aqxi i fers 
a r e e n c o u n t e r e d . F ine th rough medium t o o c c a s i o n a l l y 
c o a r s e sand wi th s l i g h t admixture of g r a v e l s g e n e r a l l y 
compr ise a q u i f e r m a t e r i a l and have v a r i o u s shades of g r e y 
c o l o u r and a r e p r e d o m i n e n t l y micaceous i n n a t u r e . On t h e 
b a s i s of t h e s tudy of g e o l o g i c a l c r o s s s e c t i o n s , l i t h o l o g y 
of b o r e h o l e s and h y d r o g e o l o g i c a l p r o p e r t i e s , t h e e^juifers 
can be d e s c r i b e d under two d i s t i n c t c a t e g o r i e s : 
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Ca) Shallow Agulferst 
Shallow aquifers occurs within the deptli' of 50 metro 
below the land surface and conprlse mainly fine to 
medium sand. The aquifer thickness varies from 5 metres 
to 18 metres. Groundwater in these aquifer zones occurs 
under water table condition. These aquifers are generally 
tapped by open wells, hand punps and shallow formers 
tubewells. Due to excessive withdrawl of water from 
thcwe aquifers they are sevearly strained. The discharge 
of these wells varies from 30 to 50 m /hour at nominal 
drawdown of 3 to 4 meters. 
(b) peeper Aquifer 
The deeper aquifers ore generally oncountered v/ithin 
depth range of 50 to 125 metres, comprisingly mainly 
medium to coarse sand often mixed with caleareous-
concretions. In these aquifers groundwater occurs 
under semiconfined to confined conditions. The tube-
wells tapping the grsnxilar zones usually in depth range 
3 3 
of 50 - 120 metres y i e l d from 100 m /hour to 225 m /hoxir 
with the drawdown of varying from 1,97 to 11,72 met res , 
GRAIN SIZE mPdjYSlS OF THE AQUIFER MATERIAL 
P a r t i c l e s i ze of Gangetic a l l u v i a l depos i t i s an 
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important Textural element as i t i s re la ted to the hydro-
dynamic condition of transportation and deposition. 
The nost common method of measuring p a r t i c l e size 
i s s ieving. The purpose of the mechanical analysis i s to 
obtain graphic or numerical data about the pa r t i c le size 
in a sediment. Size analysis has been used in determining, 
if a sand will contain water. 
Varioua workora have attonpod i>artlclo sizo analysis 
to determine various hydrogeological parameters l ike effec-
t ive grain s ize, uniformity co-efficient , hydraulic 
conductivity etc* (Krumbein St Monk 1942, Bedinagar 1961, 
Cohin 1963, Preuss & Todd, 1963, Masch 1966, Uxae e t a l . 
1989). 
For the present study, sand samples were collected 
from r iver Ganga through trenching. Three samples were 
taken from the trench at an interval of 30 cms. Later on 
these sanples were mechanically analysed. 
The equipment required for sieve analysis include 
a small hot p l a t e for drying the samples, a se t of standard 
tes t ing sieves and an accurate physical balance for weighing 
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the aauifer mat»rial» A representative sanple of 100 gras was 
taken in laboratory by coming and quatering, oven dried and 
exact weight poured in to the top sieve and covered with a 
l i d . The whole nest was shakcai through e lec t r i ca l sieve 
shaker for about 15 minutes and material retained in each 
sieve v/as accurately weighed and data obtained ware s t a t i s -
t i c a l l y analysed (Appendix V) . Percentage of material 
passing through each sieve gave a point on grading cuxrve. 
The grading curve was ploted on a semi-log paper (Plate XIII) 
and following parameters were derived. 
Bffectlve Grain Size; 
The term effective size was developed by Allen Hazen 
(1892) in his studies of f i l l e r sands. He defined i t as 
p a r t i c l e size vrtiere 10?4 of sand i s finer and 9C% coarser . 
I t i s accepted that d^ Q i s the most important parameter 
among those governing the permeability propert ies of a 
medium (Marsily, 1986) . 
Uniformity Coefficient (Cu) i s average slope of the grading 
curve between 10)6 and 60)i size and i s given by 
°60 cu =» 
^10 
I t gives an idea of grading of pa r t i c l e size d is t r ibut ion 
PLATE X I I I 
LOCATION- GANGA RIVER 
1= 30crnsD-60=.170 D-10=.125 
l l =60c insU 60 = .UiO D-10=.0B0 
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Grain Size Distribution in rnin 
GRADING CURVE OF A^^UIFER S A M P I L E 
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i n t h e m a t e r i a l , lower v a l u e s of Cu 2 i n d i c a t e noro 
vmiform m a t e r i a l o r poor g r a d i n g , h i g h e r v a l u e s i n d i c a t e 
v ^ l l g raded m a t e r i a l and a r e i n d i c a t i v e of lower p o r o s i t y 
(Raghonath, 1987) . 
Hydraulic c o n d u c t i v i t y (K) 
H y d r a u l i c c o n d u c t i v i t y was e v a l u a t e d by u s i n g 
forrmila of Uma, o t al« (1989) 
K » A d^Q 
Where ^ „ g 
d-|^ Q» e f f e c t i v e g r a i n s i z e 
The r e s u l t of g r a i n s i z e a n a l y s i s shows t h a t t h e 
e f f e c t i v e g r a i n s i z e of Ganga sed iment r a n g e s between 0 ,08 
t o 0.125 which shox-/ t h a t t he sand s i z e i s reinges between 
medium t o f i n e . The u n i f o r m i t y c o - e f f i c i e n t v a r i e s 
between 1,36 t o 1,75 which i s l e s s than 2,0 and i n d i c a t e s 
t h a t t h e p o r o « i t y of t h e Ganga sed iment i s h i g h . The 
h y d r a u l i c c o n d u c t i v i t y c a l c u l a t e d by Uraa formula r a n g e s 
between 33 t o 81 m/day, which matches wel l w i th t h e 
h y d r a u l i c c o n d u c t i v i t y de te rmined th rough puming t e s t i n 
t h e a l l u v i a l t r a c t of U . P . by v a r i o u s e a r l i e r w o r k e r s . 
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DBPTH TO WftTER LEVEL 
Water t a b l e i s t h e i ipper suurf ace of t h e zone of 
s a t u r a t i o n i n an unconf ined wate r body a t which t h e p r e s s u r e 
i s a t m o s p h e r i c . I t s l e v e l i s de f ined by t h e l e v e l s a t which 
t h e wate r l e v e l s t a n d s i n w e l l s t h a t p e n e t r a t e t h e a q u i f e r 
j u s t enough t o ho ld s t a n d i n g w a t e r . The water l e v e l s t a n d -
ing i n dug w e l l s a r e c o n s i d e r e d accijirate enough t o r e p r e s e n t 
t h e wate r l e v e l and t h e d e p t h t o water l e v e l map d i p i c t s t h e 
r e g i o n a l v a r i a t i o n of d e p t h t o v/ator l e v e l below t h e ground 
s u r f a c e . 
To u n d e r s t a n d t h e h y d r o g e o l o g i c a l c o n d i t i o n s of t h e 
Ganga - Nira st ib-basin^ o b s e r v a t i o n w e l l s were s e t up f o r 
p e r i o d i c m o n i t o r i n g ( p r e and p o s t monsoon) t o s t u d y t h e 
seasonauL f l u c t u a t i o o i n wa te r l e v e l s , F u r t h e r , f o r p r o p e r 
e v a l u a t i o n of groxindwater r e s o u r c e i t was f e l t e s s e n t i a l 
t o s t u d y t h e changes i n water l e v e l s i n r e sponse t o r a i n f a l l ^ 
e v ^ o r a t i o n , groundwater u s e and o t h e r f a c t o r s . 
On t h e b a s i s of wa te r l e v e l d a t a c o l l e c t e d from 112 
network o b s e r v a t i o n w e l i s spaced a t 2 km i n t e r v a l s , ( P l a t e IX) 
d e p t h t o water t a b l e , wa te r l e v e l f l u c t u a t i o n and e l e v a t i o n 
of wa te r t a b l e con tou r maps were p r e p a r e d and d a t a a n a l y s e d . 
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The p l a t e XIV shows the pre-monsoon depth to water 
map of the area a t 2 metres contour i n t e r v a l , A pezrusal of 
the ma^ shows t h a t the depth to water ranges from 0«76 
m«b*g*l* to 15*40 m . b . g . l . The deepest water l e v e l viz 
15.40 m.b .g . l* was recorded a t DhaK Hagla e x i s t i n g i n the 
upland t r a c t of the Ganga - Nim doab while the shal lowest 
l eve l vl25 0.76 m . b . g . l . was recorded in Beni Nagal vrtiLch 
i s loca ted i n the Ganga - Khadir c lose to the lower Ganga 
c a n a l . 
The P l a t e (XV) shows the post-monsoon depth to 
water map of the a r e a . The depth to water ranges between 
0,61 to 12.92 ra.b.g.l. The maximum depth to water t a b l e 
(12.92 m . b . g . l . ) was recorded a t Anupshahr in the upland 
t r a c t and the shal lowest l e v e l (0.61 m . b . g . l , ) was recorded 
a t v i l l a g e Beni Hagla. The maps have been prepared a t a 
contour i n t e r v a l of 2 metres and the area has been divided 
i n t o the follovdng seven zones i 
( i ) 2 ( i i ) 2-4 ( i i i ) 4-6 ( iv)6-8 (v) 8-10 
(vi) 10-12 ( v i i i ) 12-14 m . b . g . l . 
A perusal of the maps show that tlie shallow depth to 
water is recorded in topographically low land while the deeper 
water levels are recorded in the upland area. The shallowest 
water levels are recorded in the vicinity of the Lower Ganga 
Plate XIV 
Plate XV 
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Canal, which may be a t t r i b u t e d to the seepage from the 
un l ined c a n a l s . The t ab l e (3) below shows percentage of 
wal l s f a l l i n g i n d i f f e r e n t depth to water zones . 
Table - 3 Depth to water l e v e l (1989) 
P e r i o d 
P r e Monstoon 
P o s t Monsoon 
0 - 2 
1 .8 
1«8 
D e p t 
2-4 
2<,8 
3 , 0 
h t o m e t e r r 
4 - 6 6 - 8 
14.5 33.2 
11.6 32.8 
ange ^Metre) 
8-10 10-12 
29.5 , 14.9 
28.5 13.9 
i 2 - l 4 
0.8 
O.b 
I t may be seen t h a t during the monsoon per iod 78% of 
wel l s show depth to water l e v e l ranging between 6 to 12 m . b . g . l . 
i7w356 oi; wel i s 2 to 6 tnetres, 1.8;i lrs3s than 2 metres , and 
0.8Ji of the wells showing more than 12 metres b . g . l . S imi l a r ly 
during post-monsoon per iod 75.2X of wells are recorded 
showing the depth to water l eve l ranging between 6-12 metres , 
14.6^ o£ wells 2 to 6 metres , 1.0>4 of wolls l e s s than 2 metres 
and Q^QVo showing more than 12 metres . 
A pe rusa l of the pre and pos t monsoon depth to water 
l e v e l map show t h a t generally* the upland has deeper water 
l e v e l while the low va l l ey of the Ganga d i p i c t s shallow depth 
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to water level in the area« 
The most striking feature of the depth to water map 
during 1989 is the reversal of groundwater regime even during 
the post monsoon period. The reversal hare means that even 
during the post-monsoon period when the water level should have 
risen due to the recharge from the rain fall continued decli-
ning in the post monsoon period too. These anomaly were 
recorded in the obseirvation wells at Anupshahr in the north 
and Gaiigagarh, Mohinipur, chirauli and Begi Nagal in south 
eastern part of the area. The several of groundwater regime 
is attributed to the following factors. 
i) scanty rainfall during 1989 (410 tna) in comparision to 
1988 (1160 mm) 
ii) Heavy withdrawl of groundwater through numerous shallow 
tubewells with critical well spacing. 
iii) The lithological factor - The thick clay plug characterise 
lithological make up of Anupshahr. In particular and 
the right bank of the Ganga river in general. These low 
permiability zones obstruct infiltration. 
Moreover, large population with pucca construction, thick 
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cday plug along with the heavy withdrawal of groundwater 
through shallow and deep tubewells are factors responsible 
for this reversal of groundwater regime. 
Water licvel Fluctaatloo 
The water level fluctuation map of an area shows the 
difference in pre and post monsoon water levels in a year. 
The groundwater level fluctuates due to the change in 
storage of groundwater in an area* Change in water level 
can also be caused due to excessive withdrawl of water from 
the aquifer much more than the quantum of average annual 
recharge. Besides deficient rainfall over the years may too 
induce a declining trend in water level of an area. 
Water table fluctuation is a direct response of 
groundwater recharge and discharge in the area. The fluctu-
ations are represented by may contours of water level 
difference in pre-monsoon and post-monsoon periods for the 
year 1989. This difference in water level show a seasonal 
pattern, Plate X7I shows the water level fluctuation in the 
area* A perusal of fluctuation map shows that with an 
interval of 0.2 m, the area is divisible into seven distinct 
water level fluctuation zones. Table 4 gives the number 
of zones and wells falling in each zone. 
PLATE NO- XVI 
SHWATER LEVEL RISE 
'=t±^ 0-0 TO 0-2 M "^  
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Table - 4 Water t a b l e f l u c t u a t i o n (1989) 
F l u c t u a t i o n r ange Number of P e r c e n t a g e 
met re w e l l s 
0.00 8 1,1% 
0.0 - 0 . 2 30 20 .0^ 
0 .2 - 0,4 30 28.0/ , 
0.4 - 0 .6 23 20.3% 
0.6 - 0 .8 13 11.6% 
0 .8 - 1.0 1 0.8% 
1.0 7 6.2% 
The t a b l e shows t h a t ove r t h e major p a r t of t h e a r e a 
t h e f l u c t u a t i o n r a n g e s between 0 .0 t o 0 .6 ra, and c o v e r s a lmost 
76% of t h e a r e a . The f l u c t u a t i o n r a n g i n g between 0 .03 to 
0.5t) metre i s obse rved t o be wide ly r e p r e s e n t e d . I n g e n e r a l 
t h e wate r l e v e l f l u c t u a t i o n i s r e c o r d e d h i g h e r i n t h e up land 
than i n the low l a n d . Between Anupshahr branch of t h e Upper 
Ganga Canal and t h e r i v e r Ganga, t h e f l u c t u a t i o n r a n g e s 
between 0 .8 t o 0 .2 m. On t h e r i g h t bank of t h e r i v e r , t h e 
ave rage f luctuatd .on i s 02 m. The h i g h e s t f l u c t u a t i o n was 
r e c o r d e d a long t h e /Uiupshahr b r anch c a n a l which p a s s e s a lmost 
a long tho c r e s t of t h e oa s to rn up land and r e c h a r g e s tha s h a l l o w 
a q u i f e r s d i f f e r e n t l y v i s a - v i s changing l i t h o l o g y and hence t h e 
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varying f l u c t u a t i o n s . Towards woot; in Uio t r a c t ly ing 
between Anupslialir branch caiial and tl»« Nim r i v e r , the 
f luc tua t ion ranges between 0,4 to 0.8 m. 
At p l a c e s , negat ive f l uc tua t i ons are observed such 
as a t Anupshahr# s i t ua t ed on the r i g h t bank of the Ganga 
in the iiorth eas t e rn corner of the area . Besides, seven 
observat ion wel ls loca ted a t south western and of the area 
about a km. south west-of the /vnupshalur branch cana l , show 
negat ive f l uc tua t i ons i#e» a r e v e r s a l of groundwater regiire . 
At Anupshahr, the Jvine (Pre-monsoon) water l eve l was 
recorded as 11.40 ra but the pos t monsoon water l eve l monitored 
in Nov, 1989 was 12.92 m, t h a t i s , there vras no recharge 
during the monsoon period and hence the water l e v e l cont inued 
f a l l i n g even during the post-monsoon per iod, v;hich i s a 
r eve r sa l of groundwater regime. 
MOVEMENT OF GROUNDWATER 
The Contovirs d i p i c t i n g the e levat ion of water t ab le 
with r e spec t to the general mean sea l e v e l , ore ca l l ed water 
t ab l e con tours . The water t ab le contour maps are very useful 
in decipher ing the groundwater for flow d i r e c t i o n , hydrau l ic 
g r ad i en t s and areas of recharge and d i scharge , convex Contours 
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Ind ica te area of recharge while concave contours show 
t r a c t of groundwater d ischarge (Todd, 1980) . 
On the b a s i s of water l e v e l da ta c o l l e c t e d (during 
the pro-monsoon and post-monsoon periods) tho reduced l eve l 
of water t ab le with reference to mean sea l eve l were p l o t t e d 
and water t ab l e Contour maps were prepared a t an i n t e r v a l 
of one metre. (P la t e XVII and XVIII) . 
The e leva t ion of water t ab le during pre-monsoon ranges 
from 189 m metres in the nor th west whereas 169 metres in 
south ea s t , above mean sea l eve l which 190,70 metres to 170.19 
metres i n the pos t monsoon. A perusa l of the maps ( P l a t e XVII 
and XVIII) show.that the general d i r e c t i o n of groundwater 
flow, in conformity with the reg iona l flow, i s from northwest 
to southeast , however, v a r i a t i o n s a t p laces are the re which 
are cause by l oca l f a c t o r s . On the r i g h t bank of the Ganga 
r i v e r , the general flow i s towards e a s t i . e . towards the 
Ganga r i v e r . In nor th western p a r t flow d i r e c t i o n i s from 
nor th west to south e a s t , while in southern p a r t i t i s from 
nor th e a s t to south west towards Nim r i v e r . The study show 
t h a t both the r i v e r s i . e . the Ganga and Nim are e f f luen t i n 
n a t u r e . 
In genera l , the Hydraxilic g rad ien t va r i e s from 0,3 ra/km 
IBi l&t »60 Plate XVII 
i('( m "6 
Ifti, Igj igx 181 190 IM 
P l a t e XVIII 
J ^ ^ NfWER TABLE CONTOUR MAP OF DIBAI BLOCK, 
V V 4 D15TRO BULAND5HAHR U P 
( NOV. 1989 ) '' 
( POST-MONSOON ) 
ll'l V» 174 
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On the right bank of the river Ganga# the hydraulic gradient 
is very steep i.e. 4 m/km. This steep gradient is indicative 
of the following factors. 
a) Heavy vdthdrawl of groundwater 
b) LOW permeability of aquifer material. 
Plates - XVII and XVIII show that groundwater mounds 
have forwed at four places parallel to the Anupshahr branch of 
Upper Qanga Canal.Thaso mounds have formoa due to the excessive 
seepage of surface water into the shallow aqxiifers through 
the unlined beds of the Canal aid its distributatries. The 
mounds shed water towards the Ganga and Nim rivers respectively. 
A trough has also developed on the western side in the 
vicinity of the Nim river, this trough has developed due to 
the heavy withdrawl through shallow and deep tubewells with 
conplete disregards to the proper will spacing between the 
tubewells. 
GROUNDWATER BEHAVIOUR 
HYDROGRAPHSt 
The water levels of key observation wells in the area 
have been utilised for preparing continuous hydrographs of 
the wells with a view to study their behaviour with respect 
61 
to time and space and their dependence to natural phenomenon. 
The hydrograph of four wells for the period of ten years 
i.e. 1980-1989 are given in plate - XIX A. A perusal of 
hydrographs indicate that the water level variations are 
cyclic and sinusoidal as a fxinction of time and space. The 
water levels are deepest during the month of June and shallowest 
during the month of November. It is observed that water level 
starts rising in the month of July and attains shallowest 
level in November. From mid-November onward there is sharp 
decline in water level till January. From January onward 
the recession in water level is slow indicating natural 
groundwater discharge through steady sub-surface outflow, in 
harmony with regional groundwater movement. 
From the above discussion it is observed that the water 
level has a rising and declining trend with respect to time; 
A function which causes such rises in water levels i.e. 
input source of groundwater (rainfall). 
Correlation of Hydrograph with rainfall: 
In order to study the long range trend of water levels 
as a function of rainfall# the correlation of hydrographs and 
rainfall data were made since 1985 to 1989. 
A critical study of hydrographs indicates that the 
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response of water levels to rainfall and droughts Is roaaonably 
quick. The ascent of level is also greatly effected by the 
Intensity and distribution of rainfall (Plate XIX B) . 
A perusal of the graph show that at Anupshahr and 
Dibai there is prominent response of rainfall on water level. 
This is because the rainfall is the only source of ground-
water recharge^ and there is continuous discharge of water 
the maximum decline in water table is recorded during the 
month of May and June. The hydrograph of Ramghat and Raj ghat 
show that at these two place, rainfall does not have much 
effect on water table. This is because at Ramghat the shallow 
aquifer is constantly being recharged due to the seepage from 
the Lower Ganga Canal. The ouservation well at Raj ghat is 
situated in the Oanga Khadir and moreover the movement of 
groundwater is towards the river Ganga. Hence at these two 
places the effect of scanty and sporadic rainfall or drought 
is Gomponsated by the excessive recharge. At these two places, 
some subdued response to rainfall can also be attributed 
to the Clayey nature of the formation in the surface horizon. 
PLATE XIX B 
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C H A P T E R - V 
GROUNDWATER BALANCE 
Groundwater i s r e p l e n i s h a b l e r e s o u r c e . P l ann ing f o r 
i t s u t i l i z a t i o n , management and c o n s e r v a t i o n needs q u a n t i t a t i v e 
d a t a b a s e . Q u a n t i f i c a t i o n of groundwater and s u r f a c e wa te r 
r e s o u r c e s of any b a s i n i n v o l v e s t h e a p p l i c a t i o n of p r i n c i p l e 
of c o n s e r v a t i o n of mass, t o account f o r q u a n t i t a t i v e changes 
o c c u r i n g i n v a r i o u s components of h y d r o l o g i c c y c l e as a p p l i e d 
t o t h e b a s i n . The groundwater b a l a n c e o r budget i s a 
q u a n t i t a t i v e s t a t e m e n t of t h e ba l ance between the t o t a l wa te r 
g a i n s and l o s s e s of a b a s i n , f o r a p e r i o d of t i m e . I t 
c o n s i d e r s a l l wa te r s e n t e r i n g and l e a v i n g o r s t o r e d w i t h i n 
a b a s i n . Water e n t e r i n g a b a s i n i s equa t ed t o t h e wa te r 
l e a v i n g a b a s i n , p l u s o r minus changes i n b a s i n s t o r a g e 
(Walton 1970) . The groundwater b a l a n c e may be e x p r e s s e d i n 
t h e form of an e q u a t i o n which i s as u n d e r : 
I - 0 = + S 
Where I = In f low 
0 o Outf low 
S = Change i n s t o r a g e 
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Thus the calculation of all inflow and outflow from 
a groundwator reservoir as vroll ao tho ctiangos in grounawator 
storage therein forms the basis of groundwater balance 
equation. To evaluate this various recharge and discharge 
components of groundwater are tabulated and their effect 
on groundwater regimes in space and time have been studied. 
In order to accomplish this, thorough investigntions are 
required for a reasonable estimate of groundwater resource 
potential. As heavy demand of water sometime leads to 
excessive withdrawls and indiscriminate utilization which 
is often reflected in serious Imbalance of hydrogeological 
situations at later data. 
The area under investigation stiows on one hand water 
logging along the Anupshahr branch and the Lower Ganga Canal 
due to the excessive seepage, whereas wa1:er level shows a 
declining trend in the south western part, consequent to the 
over development of the shallow aquifers. Thus the area 
represents two extreme groundwater situations, one of water 
logging and other of declining trend. Hence the scenario 
necessitates, the evaluation of groundwater recharge and 
discharge in order to quantify the total water resources of 
the Dibai block. 
GROUNDWATER RECHARGE 
The groundwater recharge parameter froms an intportant 
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element of groundwater resource evaluation. It involves 
hydrometeorological and hydrological processes taking place 
on the surface and also involves sub-surface lithological 
characteristics, (Baweja and Karanth, 1980). 
The three major sources of groundwater recharge in the 
area are as follows, 
1. Recharge through rainfall 
2. Recharge through canal seepage 
3. Recharge through irrigation return flow. 
Annual Recharge through Rainfall 
To c a l c u l a t e annual rechsurge monsoon and non-monsoon 
recharge i s calcvilated s e p a r a t l y and by adding the two we 
ge t the g ross recharge . 
Groundwater Recharge by Speci f ic y i e l d Method 
Total Area = 268.78 sq.km. 
Average f luc tua t ion = 0.96 m 
in Water l eve l 
Average spec i f i c «= 9;^  
y i e ld 
(A) Groundwater Recharge 
Groundwater recharge = Area x spec i f i c y ie ld x water l e v e l 
f l uc tua t i on 
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= 268.78 X .09 x .96 
» 23.22 M.C.M. 
(B) Recharge through Irrlqabloxi re tur t i IXow 
To evaluate the i r r i g a t i o n r e t u r n flow, the i r r i g a t e d 
a rea and volume of water applied for i r r i g a t i o n are taken 
i n t o cons idera t ion for working out the t o t a l volume of water 
egpplied, of which 40;^ i s assumed to r e t u r n to groundwater. 
Crop-wise re tu rn flov/ in the area has been ca l cu la t ed in the 
area which i s given as follows: 
Crop 
type 
Khareef 
Rabi 
Area 
I r r i -
gated 
(sq.kra) 
60.,9 
203.2 
Average 
wetted 
depth 
(M) 
0.4 
0.4 
I r r i -
gat ion 
water 
applied 
24.36 
81.28 
Seepage 
f ac to r 
% 
AQ'A 
AQYo 
Seepage 
M.C.M. 
9.74 
32.51 
The t o t a l quantum of the i r r i g a t i o n r e tu rn flow i s 
computed to be 42.25 M.C.M. 
(C) Quantum of Recharge due to Canal seepage 
The seepage from Canals depend on i n f i l t r a t i o n capac i ty 
of canal bed and s ides , sub-surface l i t h o l o g y , l eng th of canal 
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and discharge e t c . 
S a t i s h Chandra (1983) opined the following equation 
to determine the canal seepage in a l l u v i a l reg ions of Ut ta r 
Pradesh, 
W = 0.005 C(B+D)°'^^ 
Where 
W =» Recharge from unl ined bed of canal 
in cubic raetre/sec/km 
B = Width of Canal i n metre 
D = Depth of Water in metre 
C = A cons tant being one (1) for i n t e r m i t t e n t l y 
running and 0.75 for constant running canal 
(a) Recharge through Lov^r Ganga Canal 
Total l eng th of canal t r ave r s ing through the study 
area = 13.75 km 
B = 7 3 . 1 mts 
D = 3.5 m 
C «= 0.75 
W = 0.005 C (B + D ) ^ * ^ ' ' 
= 0.005 X 0.75 (73.1 + 3.5)°*^'^ 
= 0.0686 m/s/Km 
Total recharge i n the area through 
Lower Ganga Canal = 0.0686 x 13.75 
= 0.94 mVs 
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i) Total non-monsoon recharge by the Lower Ganga Canal 
= 0.94 X 60 X 60 X 24 x 182 
= 14781312 m^  
= 14.78 M.C.M. 
i i ) Total monsoon recharge by the Lower Ganga Canal 
I t i s equal to the non-monsoon rehcarge as 
number of running days i s the same in both the 
cases =3 14.78 M.C.M. 
(b) Recharge through Anupshahar Branch of Uppar Ganga Canal 
Total length of canal t ransvers ing through the study 
area 38 km 
C = 0.75 
B = 5.64 
D = 0.94 
W = 0.005 C(B +0)°*^'^ 
= 0.005 X 0.75(5.64 + 0.94)°"^ ' ' 
= 0.005 X 0.75 X 3.53 
= 0.005 X 2.6475 
= 0,013 m /sAni 
Total recharge in the basin through the t o t a l l eng th of 
the canal 
= 38 X 0.013 
= 0.494 mVs 
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i ) Monsoon r e c h a r g e th rough Anupshahar Branch 
T o t a l manning days dxiring monsoon = 182 days 
= 0.494 X 60 X 60 X 24 X 132 
= 7768051,2 m^ 
= 7.768 M.C.M. 
11) Non-monsoon r e c h a r g e througli Anupshahr Branch 
I t i s equa l t o monsoon r e c h a r g e as t h e runn ing 
days a r e s i m i l a r i n b o t h t h e c a s e s 
= 7.77 M.C.M. 
(c) Recharge from Po tha Branch 
To ta l l e n g t h of the b ranch i n t h e a r e a = 7 km 
B = 2.8 m 
D = 0 .62 m 
C = 1 
W = 0 .005 X 1 ( 2 . 3 + 0,621^*^'^ 
= 0 .005 (2.28) 
= 0.011 m"^/sAm 
Tota l r e c h a r g e th rough tiie e n t i r e l e n g t h of Po tha b ranch 
= 0.011 X 7 
= 0.077 m"^/s 
i ) Non-monsson r e c h a r g e th rough po tha b ranch 
T o t a l r u n n i n g days d u r i n g non-monsoon =34 
= 0.077 X 60 X 60 X 24 X 34 
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= 225195.2 m"^  
= 0.226 M.C.M. 
i i ) Monsoon r e c h a r g e th rough Potl ia b r a n c h 
To ta l r i inning days d u r i n g monsoon = 32 
a 0.077 X 60 X 60 X 24 X 32 
« 212089.6 m^ 
= 0.213 M.C.M. 
(d) Recharge th rough Talwar D i s t r i b u t o r y 
To ta l l e n g t h of t h e d i s t r i b u t o r y i n t h e a r e a => 19 km 
W= 0.005 C(B + D ) ^ ' ^ ' ' 
= 0 .005 X 1(5 + 1.2)°*^'^ 
= 0.005 X 3.395 
= 0.017 m"^/secAm 
Tota l r e c h a r g e th rough t h e e n t i r e l e n g t h of d i s t r i b u t o r y 
= 0.017 X 19 
3 
= 0.323 m / s e c 
i ) Hon monsoon r e c h a r g e 
= 0.323 X 60 X 60 X 24 X 90 
= 2511648 m"^  
= 2.512 M.C.M. 
i i ) Monsoon r e c h a r g e 
= 0.323 X 60 X 60 X 24 X 50 
= 1395360 m^  
= 1.39 M.C.M. 
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(e) Recharge through Ghos lpura Minor 
T o t a l l e n g t h of t h e minor i n t h e a r e a = 7 ,5 km 
W = 0 .005 C(B +D)°*^' ' 
= 0.005 X 1 ( 2 . 5 + ©.gO^*^"^ 
= 0.005 (3 .40)°*^ '^ 
= 0.005 X 2.270 
= 0.011 m^/sAm 
To ta l r e c h a r g e th rough t h e e n t i r e l e n g t h of t h e minor 
= 0 .011 X 7 . 5 
~ 0 .085 m"^/sec 
i ) Non-monsoon r e c h a r g e 
= 0 .085 X 60 X 60 X 24 X 34 
= 249696 m^ 
= 0 .25 M.C.M. 
l i ) Monsoon r e c h a r g e 
= 0.085 X 60 X 60 X 24 X 28 
= 205632 m"^  
= 0.205 M.C.M. 
(f) Recharge th rough Kaser Minor 
To t a l l e n g t h of t h e minor i n t h e a r e a = 8 km 
W = 0.005 X C(B +D)°*^'^ 
= 0.005 X 1 ( 1 . 5 X . 9 4 ) ° ' ^ ' ^ 
= 0 .005 X 1.817 
= 0.054 m"^/sAm 
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Tota l r e c h a r g e tJirough t h e e n t i r e l e n g t h of t h e minor 
= 0.G54 X 8 
3 
= 0,432 m / s e c 
i ) Non-monsoon r e c h a r g e 
= 0.432 X 60 X 60 X 24 X 32 
= 1194393.6 m^ 
= 1.194 M.C.M. 
i i ) Monsoon r e c h a r g e 
= 0.432 X 60 X 60 X 24 X 28 
= 1045094.4 m^ 
a 1.045 M.C.M. 
(g) Recharge th rough Lachimpur p l s t r l b u t o r y 
T o t a l leng^th^ of t h e minor i n t h e a r e a = 9 . 7 5 km 
W "= 0.005 X C(B + D)°"^^ 
= 0.005 X 1 (2 + 1 . 2 0 ) ° * ^ ^ 
= 0.005 X 2.180 
= 0.011 mVsAm 
T o t a l r e c h a r g e th rough the e n t i r e l e n g t h of t h e 
d i s t r i b u t o r y 
= 0.011 X 9 .75 
= 0.106 X m^/sec 
i ) Non-monsoon r e c h a r g e 
= 0.106 X 60 X 60 X 24 x51 
75 
= 467078.4 m^ 
= 0.467 M.C.M. 
. i i ) Monsoon r e c h a r g e 
= 0.106 X 60 X 60 X 24 X 32 
= 293068.3 m^ 
= 0.293 M.C.M. 
(h) Recharge th rough pharakpur d l s t r l b u t o r y 
To ta l l e n g t h of the minor i n t h e a r e a » 9 .50 km 
W = 0 .005 X C(D + D ) " ' ^ ' 
= 0.005 X 1 (2 + 1 . 1 0 ) ° * ^ ' ' 
= 0.005 X 2.134 
= 0.011 m^/sAm 
T o t a l r e c h a r g e th rough t h e e n t i r e l e n g t h of t h e 
d i s t r i b u t o r y = O.Oll x 9 .50 
=> 0.105 m^/sec 
i ) Non-monsoon r e c h a r g e 
= 0 .105 X 60 X 60 X 24 X 51 
= 467078.4 m^ 
= 0.467 M.C.M. 
i i ) Monsoon r e c h a r g e 
= 0 .105 X 60 X 60 X 24 x 28 
= 254016.0 m^ 
= 0.254 M.C.M. 
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Total Hon-monsoon rehcarge through canals and d l s t r l b u t o r l e s 
a + b + c + d + e + f + g + h 
= 14.78 + 7.77 + 02262 + 2.512 + 0.25 + 1.194 + 0.467 + 0.467 
s= 27.666 M.C.M. 
Total monsoon recharge through canals and d i s t r i b u t o r i e s 
a - < - b + c + d + e + f + g + h 
14.78 +7.77 + 0.213 + 1.39 + 0.205 + 1.045 + 0.293 + 0.254 
= 25.950 M.C.M. 
Total recharge through canals and d i s t r i b u t o r i e s = 27.66 +25.95 
= 53.62 M.C.M. 
Gross Groundwater Recharge in the area 
"=• A + U t- C 
= 2^3.22 + 4 2 . 2 5 + 5 3 . 6 2 
= 1 1 9 . 0 9 M.C.M. 
R e c o v e r a b l e r e c h a r g e 
8 5 ^ o f t h e g r o s s r e c h a r g e i s talcen a s r e c o v e r a b l e r e c h a r g e 
= 1 1 9 . 0 9 X . 8 5 
= 1 0 1 . 2 2 M.C.M. 
GROUNDWATER DRAFT 
G r o u n d w a t e r w i t h d r a w l s t h r o u g h v a r i o u s g r o u n d w a t e r 
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s t r u c t u r e s such as s t a t e tubewells , shallow farmer 's tubewel ls , 
pump s e t s and open wells have been taken for groundwater 
d r a f t c a l c u l a t i o n s . The u n i t d r a f t for a l l types of s t r u c t u r e s 
ca l cu la t ed by S ta te Groundwater Departnxent, Ut tar Pradesh, 
for t h i s area, have been u t i l i z e d in the evaluat ion of the 
groundwater d r a f t . (Hassan e t a l .#1982) . 
Groundwater draft In the area 
(a) Draft by S t a t e tube we l l s ; 
Total number of s t a t e tubewells = 11 
Unit d r a f t of each tubewell = 0.17 M.C.M. 
Total d r a f t by the S t a t e = 11 x 0.17 
tubewells 
= 1.87 M.C.M. 
(b) Draf t by shallow fa rmer ' s tubewells ; 
Total number of shallow tubewells = 1371 
Unit d r a f t of each tubewell = 0,0188 M.C.M. 
Total d r a f t by shallow tubewells = 1371 x 0.0188 
= 25.77 M.C.M. 
(c) Draft by pump s e t s ; 
Total number of pumpsets = 1407 
Unit d r a f t for each s e t = 0.0109 M.C.M. 
Total d r a f t by purnp s e t s = 1407 x 0.0109 
= 15.34 
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Total draft in the basin =a . +b + c 
« 1.87 + 25.77 + 15.34 
= 42.98 M.G.M. 
Monsoon d r a f t - 25% of t o t a l d r a f t i s taken as monsoon d r a f t 
= 42.98 X 0.25 
= 10.75 H.C.M. 
Net annual draft-7C% of the t o t a l d ra f t i s taken as ne t d r a f t 
= 42.93 X U.70 
= 30.08 M.C.M. 
WATER BALANCE 
I - 0 = + S 
I = Net recharge 
0 = Net d r a f t 
S = U t i l i s a b l e resource p o t e n t i a l 
Thus 101.22 - 30.08 = 71.14 14.CM. 
Hence the U t i l i s a b l e resource p o t e n t i a l for Dibai block I s 
71.14 M.C.M. 
The above evaluat ion of groundv;ater resource of the 
area shows t h a t there i s an ample scope for fu ture development 
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of g roundwate r . 
Table - 5 Table showing E s t i m a t e of groundwater b a l a n c e 
a v a i l a b l e fo r f u t u r e development i n D i b a i b l o c k , 
d i s t r i c t / Buiandsnahar , U . P . 
Geogra 
p h i c a l 
a r e a 
sq.km. 
Gross 
r e c h a r g e 
M.C.M. 
Net 
r e c h a r g e 
M.C.M. 
Gross 
d r a f t 
M.C.M. 
Net 
d r a f t 
M.C.M. 
A v a i l a b l e 
groundwater 
r e s o u r c e f o r 
f u t u r e 
development 
M.C.M. 
268.78 119.09 101.22 42 .98 30.08 7 1 . 1 4 
STATUS OF GROUNDWATER DEVELOPMENT 
I n o r d e r t o d e t e r m i n e t h e s t a t u s o f g r o u n d w a t e r 
d e v e l o p m e n t i n t h e s t u d y a r e a , i\RDC (1970) norms have b e e n 
t a k e n i n t o a c c o u n t v;hich a r e as f o l l o w s 
S t a t u s o f D e v e l o p m e n t 
L e s s t h a n 65/4 
65 - 35% 
More t h a n 85;^ 
C a t e g o r y 
Vifliite ( s a f e a r e a ) 
G r e y ( s e m i c r i t i c a l ) 
Da rk ( c r i t i c a l ) 
S t a t u s o f g r o u n d w a t e r d e v e l o p m e n t i n D i b a i b l o c k 
^ N e t y g a r l y d r a f t 
N e t r e c o v e r a b l e r e c h a r g e 
= 3Q>QQ X 100 
1 0 1 . 2 2 
= 2 9 . 7 2% 
X 100 
80 
The da ta shows t h a t in Dibai block only 29.72;^ of 
groundwater resource has been developed so fa r , hence i t f a l l s 
under the v;hite* ca tegory. 
In view of only 29,12A of groundwater development, there 
i s a g r e a t scope for the la rge scale development of groundwater 
in fu tu re tlirough shallow and deep tubewells in the b lcok. 
As the south-v;estem end of the study area shows a 
dec l in ing trend in water l e v e l , i t should be a r res ted through 
cons t ruc t ing recharge tubewells , the v/ater for the recharge 
can be had from the Upper Ganga Canal . 
C H A P T E R - V I 
HYDROCHEMISTRY 
Water i s never pure in a chemical sense. I t 
contains impurities of various kinds, both disolved and 
suspended. Water being xiniversal solvent i t s pur i ty can 
not be remain i n t a c t Groundwater i s generally an extreme 
d i lu t e aqueous solution of various elements. These comprise 
dissolved gases eg. Hydrogen sulphide. Carbon dioxide, 
ammonia nitrogen, dissolved minerals eg. s a l t of calcium, 
raegnesium^ sodium and suspended impuri t ies . During the 
flow through various geological formations water dissolves 
soluble ions and thereby changes i t s chemical cornposition. 
Briefly the Chemical qual i ty of groundwater i s on index 
of i t s complex flow his tory . 
A3 the groundwater i s used in most of the water 
requirements, i t s qual i ty plays an important role in various 
uses . To study the grounwater qual i ty of Dibai block 
t h i r t y water sanples were collected from shallow aquifers. 
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o u t o f which e i g h t e e n were a n a l y s e d f o r major e l e m e n t s and 
t w e l v e f o r t r a c e e l e m e n t s . S i m i l a r l y w a t e r s a r t p l e s c o l l e c -
t e d from A n u p s h a h a r b r a n c h of u ipper G a n g a C a n a l , Lower Ganga 
c a n a l and Ganga r i v e r were a n a l y s e d t o compare t h e q u a l i t y 
o f s u r f a c e w a t e r w i t h g r o u n d w a t e r . 
METHODOLOGY; 
The s a m p l e s f o r p a r t i a l c h e m i c a l a n a l y s i s were 
c o l l e c t e d i n w e l l c l e a n e d o n e l i t r e c a p a c i t y d o u b l e 
s t o p p e r e d p o l y t h e n e b o t t l e s . A f t e r c o l l e c t i o n o f s a m p l e s 
b o t t l e s were c a p p e d w i t h i n n e r and o u t e r l i d s and s e a l e d 
w i t h wax on t h e s p o t . 
A n o t h e r g r o u p o t s a m p l e s were c o l l e c t e d from 
s e l e c t e d o b s e r v a t i o n w e l l s i n f i v e h u n d r e d m . l . c a p a c i t y 
p o l y t h e n e b o t t l e s f o r t r a c e e l e m e n t s s t u d y . T h e s e s a n p l e s 
were t r e a t e d a t s i t e i m m e d i a t e l y w i t h 2 . 5 m . l . of I j l HNO , 
and t h e n c a p p e d and s e a l e d w i t h wax a s a b o v e . 
ANALYTICAL PROCEDURE: 
The d e t a i l e d c h e m i c a l a r i a l y s i s f o r m a j o r and 
t r a c e e l e m e n t s o f t h e s a m p l e s w e r e c a r r i e d o u t i n t h e 
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Geo-Chemlstry l ab of the Department of Geology, A.M.U., 
Al igarh as per s tandard methods reconmnended by APHA (1975). 
The sanples were f i r s t analysed for major elements l i k e 
Na, K, Ca, Mg, Cl , Co^ , HCO^  and So. and for t r ace 
elements l i k e Gu, Fe, Zn, Pb, Mn, Cr and (Jd. Both anions 
and ca t ions were determined by volumetric techniques except 
sodium, potassium and su lpha te , sulphate was determined by 
gravimetr ic method whereas the concentra t ion of other major 
elements l i k e Wa and K were determined by Atomic Absorption 
Spectrophotometer. The determination of t r a c e elements were 
c a r r i e d out in the same l abora to ry with the help of Atomic-
Absorption Spectrophotometer. A s e r i e s of blark samples were 
prepared for each spec t rop ho tome t r i e ana lys i s in order to account any 
ana ly t i ca l and instrumental e r r o r . The hydrogen ion 
concentra t ion (pH) and e l e t r i c a l concudt iv i ty of the water 
sarnples were determined with the help of C-4 25 combined 
pH/Ec/°C meter. The ana ly t i ca l da ta are apendcd wide 
appendix VI(A,B) and VI I . 
Hydrogen Ion Concentration-
The groundwater of the area i s mildly a lka l ine i n 
n a t u r e . pH ranges between 6.71 to 7 , 3 1 . I t i s qu i t e safe 
and remain free from corros ive and sca l ing ac t ion . The 
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lowest value of pH - 6 .71 , was recorded i n water sample of 
Kiloram B i l l o i , however water i s ac id ic in nature but within 
the permiss ib le l i m i t . The pH value of groundwater sarrple 
of Dibai mosque i s h ighes t i . e . 7,81 but i t i s a lso within 
the l i m i t . The majority of water samples show s l i g h t 
a l k a l i n i t y which i s due to the presence of Carbonates and 
b i ca rbona te s . 
B l e c t r i c a l Conduct iv i ty ( U mhos/Cm a t 25*'C)-
I t y ie lds a measure of w a t e r ' s capaci ty to convey 
an e l e t r i c c u r r e n t . The proper ty i s r e l a t e d to t o t a l 
concent ra t ion of ionized substances in a water and temperature 
a t which the measurement i s made. E l e c t r i c a l conduc t iv i ty 
i s a measure of the minera l iza t ion and i s i n d i c a t i v e of 
the s a l i n i t y of groundwater. The e l e c t r i c a l conduct iv i ty 
values of water sarnples ranges between 173 to 2570 micromhos. 
P l a t e - XX shows the d i s t r i b u t i o n of e l e c t r i c a l conduct iv i ty 
of the groundwater in the a rea . Data show t h a t the spec i f i c 
conduc t iv i ty of 70% sartples of shallow groundwater of the 
area va r i e s between 250 - 750 micromhos. The lowest value 
(173) was obtained a t Ramghat well whereas the h ighes t was 
recorded a t Dibai mosque (2570) 
PLATE NO-XX 
7ooo 
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Major elements-' 
Carbonates 
The concentra t ion of carbonates ranges from 0 to 
48 ppm. The highest value was recorded in groundv/ater 
sanple of Narora Ka lka t t l we l l . 
Bicarbonate 
EJicarbonate content i n groundwater i s dependent 
upon the p a r t i a l pressure of Carbondioxide in s o i l , i t i s 
q u i t e independent of aquifer c h a r a c t e r i s t i c s . Bicarbonates 
show wide f luc tua t ion depending upon carbonate p ressure in 
s o i l . I t ranges between 165 to 677 ppm. VJater containing 
600 ppm of bicarbonate considered to be f a i r l y safe and good 
for i r r i g a t i o n and domestic purpose. Chemical ana lys i s of 
samples c o l l e c t e d show t h a t the water a t a l l p laces i s well 
v/ith in the range except in Belon where i t i s 677 ppm. 
Chloride 
It imparts salty taste to water provided that 
sodium ions are present. High chloride contents are 
corrosive to metals in the distribution system particularly 
when water has low values of alkalinity. High values also 
have adverse effect on structure and agricultural plants. 
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The concentra t ion of ch lor ide va r i e s from 16 to 625 ppm. 
(P l a t e XXI)• The va lues ind ica te t h a t except a t two p laces^ 
groxindwater i n the area i s s u i t a b l e for i r r i g a t i o n and 
dr inking pvirposes, AS per ICMR (1975) s tandards , the 
d e s i r a b l e l i r rd ts of ch lo r ide in dr inking water i s to be 
250 ppm., bu t a t Belon (405 ppm) and Dibai mosque (625 ppm), 
the value exceed the excessive l i m i t s , v/hich may have some 
i l l e f f e c t s and thus the water needs some treatment a t these 
p i ace s • 
Sulphate 
Sulphate concentration has been found to vary from 
4 to 519 ppm. In major parts of the area, sulphate concen-
tration was found \iith ii^  the permissible limit of 250 ppm. 
77% of the samples analysed show that water is safe for 
domestic use. At three places sulphate concentration in 
water is slightly higher than the permissible limit but the 
analysis of water from Dibai mosque show that sulphate 
concentration is very high reaching the value of 519 ppm. 
The high concentration of sulphate may be because of sodium 
sulphate and low concentration at other places may be due 
to less oxidation of sulphide to sulphate. 
Sodium 
The concentra t ion of sodium ranges betwen t to 2l6 ppm 
ATE NO.-XXI 
DISTRIBUTION OF CHLORIDE IN SHALLOW GROUND 
WATER OF DIBAI BLOCK. DISTT BULANDSHAHR UP 
- v / ' 
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The highest concentxation i.e. 216 ppm was recorded at 
Dibai which is higher than the standard limit of 200 ppm, 
as sodium concentration in drinking water around 200 ppm 
may be harmful to persons suffering from cardiac, renal 
and diseases pertaining to circulatory system. Except 
Dibai mosque , ' the concentration of sodium was found 
well within the resonable limits in other localities. 
Pottisslum 
The concentration of potassium ion in groundwater 
varies from 2 ppm to 172 ppm, Tlie liighest concentration 
of potassium i.e. 172 ppm was detected in the sample of 
Dibai mosque well. The concentration of potassium is gen-
erally low in groundwater. No desirable or excessive limit 
for potassium have been set, though 1000 - 2000 ppm seems 
to be the extreme limit for potassium ions in drinking 
water. 
Calcium 
Calcium i s common c o n s t i t u e n t of groundwater. 
The dissolved carbonates genera l ly con t ro l s calcium ion 
concentra t ion in na tu ra l water . Calcium i s 
an e s s e n t i a l element and human body r equ i r e s 0.7 to 2.00 
gram per day. 
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The absence of calcium in very soft waters have 
been considered responsible for rickets, decayed teeth 
etC/whereas hard water having high concentration of calcium 
may add to urinary disorder. The limits of calcium in 
drinking water are not based on healtli consideration as 
even waters having 1000 ppm of calcium is harmless. The 
highest desirable level of calcium in drinking water is 75 
ppm and maximum permissible limit is 200 ppm (W.II.O. 1984 
and I.G.H.R. 1975). The concentration of calcium in water 
sanples ranges between 39 to 151 p^m. rhe highest value 
was recorded at Dibai mosque^ but more than 66/i samples 
does not exceed the limit of 75 ppm, which is the highest 
desirable level in drinking water. 
Magnesium 
It is one of the constituent responsible for 
hardness of water, while low concentrations are not harmful; 
Higher concentration are laxative. The concentration of 
magnesium has been found to be vary from 38 to 207 ppm. The 
highest concentration was found in well water of Dibai 
mosque. It has been observed by the sanple analysis that 
magnesium concentration in the area is much higher in compa-
rision to. I.G.I4.R. standard of 50 ppm. But in study area 
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only 11% of the analysed sanples are within t h i s l i m i t . 
TOTAL HARDNESS I 
This has been measured as CaCo^ and ranges from 
104 to 760 ppm. The distribution of hardness is shown in 
Plate XXII. Following table shows the percentage of 
samples falling in different classes of hardness. 
TaMie - 6 
S.No. Class Range of Percentage 
Hardness 
n i l 
i i a i / « 
5.5554 
83.33;4 
1. 
2. 
3. 
4. 
soft 
Moderate 
Hard 
Very hard 
60 
60 - 120 
120 - 180 
200 
A peirusal of above tab le show t h a t 83.33?4 of water 
samples f a l l under the c l a s s very hard, 5.55/4 under hard 
and 11.11% under moderate. 
PLATE NOrXXU 
DISTRIBUTION OF TOTAL HARDNESSlN 
SHALLOW GROUND WATAR OF DIBAIBLOCK , 
2 00 TO 300 
'^y/X 300 TOAOO 
/. 00 TO 500 
500 TO 600 
> 600 
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TOTAL DISSOLVED SOLIDS; 
Pr inc ipa l iona contxibutiny to aol id ore carbonate , 
b ica rbona te , ch lo r ide , s u l f a t e , n i t r a t e , sodium, potassium, 
calcium and magnesium. Total d issolved s o l i d s are d i r e c t l y 
r e l a t e d with e l e c t r i c a l conduct iv i ty or s a l i n i t y . Sol ids 
inf luence o ther q u a l i t i e s of dr inking water such as t a s t e , 
hardness, corrosion p r o p e r t i e s and tendency to i n c r u s t a t i o n . 
Indian counci l of Medical Research wMle recommending 
500 T-D.S. in potable water has a lso l a i d dovnn maximum 
permiss ib le l i m i t of 1500 ppm T.D.S. where no a l t e r n a t i v e 
source i s a v a i l a b l e . T.D.S. ranges between 111 to 1645,ppm 
The h ighes t value was recorded a t Dibai mosque well water . 
TRACE ELEMENTS: 
Some elements in very low concentra t ion play a 
very important r o l e in the human and animals and in p l a n t 
l i f e . These are termed as t r ace elements. 
Although human being and animals may get a p a r t 
of t o t a l in take of these t r a ce cons t i t uen t s through d i e t or 
food, but a p a r t i s also supplied through the medium of 
dr inking water . 
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Defic iencies of 20 - 24 elements in animals and 
man (Fr iedin/ 1972) and 13 to 17 elements in p l a n t s have 
been recognised (Epstetin 196 5) . I t mast be s t a t e d t h a t 
i t i s no t the overa l l concent ra t ion of an element t h a t i s 
important , but the species of metal p resen t i n water t h a t 
i s ava i l ab le to an organism or p l an t t h a t must be taken 
i n t o cons ide ra t i on . 
Samples c o l l e c t e d from d i f f e r e n t wells were 
analysed for seven t r a c e elements. The r e s u l t s of chemical 
ana lys i s are given i n Appendix VII and discussed below. 
Iron 
Among a l l the t race elements i ron concentra t ion 
i s higher in a l l the samples. I t ranges between 0.12 - 0.80 
ppm. The maximum concentra t ion was recorded a t Ramghat 
which I s . very high. 
9SE2SL 
Copper concentra t ion ranges between 0.01 ppm to 0.06 
ppm • . vrtiich i s below the permiss ib le l i m i t for the use 
of dr inking water . The h ighes t value was recorded in Dl^ai 
mosque well water . 
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Manqapege 
The manganese concentration varies between 0.01 to 
0.35 ppm. The highest value was recorded in the water of 
Narora Kalkatti wall. 
Lead 
The concentration of lead ranges between 0,02 - 0.40 
ppm. At places the concentration of lead was found much 
higher than the permissible limit of VJ^ .H.O. The maximum 
concentration was recorded in Rehmanpur well water. 
Zinc 
The concentration of zinc in groundwater of 
the area ranges between 0.04 - 0.2 ppm. The maximum 
concentration was recorded from the sanple of Dibai mosque 
well. 
Cadmium 
Cadmixim concentra t ion ranges between 0,0 - 0.17 
ppm. Cadmium has a cumulative and highly toxic e f f ec t on 
man. The maximum concentra t ion was recorded from the 
Belon water sample. 
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WATER QUALITY CRITERIA 
During recent years much of the enphasis in 
groundwater investigations has shifted from problems of 
groundwater supply to considerations of groundwater quality. 
As a result of our consumptive way of life, the groundwater 
environment is being assulted with an ever increasing number 
of soluble chemicals. Unfortunately, problems of groundwater 
quality degradation are in many ways more difficult to 
overcome. Because of the heterogeneities inherent in 
subsurface system, zones of degraded groundwater can be 
very difficult to detect. 
From the water quality point of view degradation 
of groundwater often requires long periods of time before 
the true extent of the problem is readily detectable. The 
U.S.E.P.A (1977) has reported that almost every known instance 
of aquifer contamination has been discovered only after a 
water supply well has been affected. Often by the time 
subsurface pollution,is conclusively identified, it is too 
late to apply remedial measures that would be of much 
benefit (Freeze & Cherry 1979). 
The problem of v/ater quality degradation of riversi 
and lakes has been evident for a long time. The increasing 
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industrialization urbanisation and othor developmental 
activities and their impact has created a varitable water 
crisis. The problem of achieving acceptable quality of 
surface wator focunos mninly on docroaninri th'j known nmissiono 
of pollutants to these systems bodies. 
Water quality Criteria 
As the groundwater is used in most of the water 
requirements, its quality plays on important role in various 
uses. The term quality covers physical, chemical and 
biological characterstics and is a dominent factor in 
determining the adequacy of any supply to satisfy the 
requirements of various water uses. The interpretation of 
a chemical analysis is highly subjective matter and Is not 
possible to have a single criteria that have universal 
application. Therefore, a certain accepted standard has 
been adopted while doing the interpretation of cheirdcal 
analysis result of water in relation to its use. The main 
classes of uses are; 
1. Domestic 
2. Agricultural 
3. Industrial 
9 8 
Wat:er qual i ty for Domestic and Municipal Uses 
For domestic and municipal purpose acceptable water 
must be f a i r l y c lea r , t a s t e l e s s odvf.rles3 and not s a l t y . I t 
must a lso be free from pathogenic (d i sease causing) 
organisms and free of compounds with acute or longtenn 
adverse e f f ec t s on human h e a l t h . In addi t ion water must 
no t s t a i n c lo thes washed in i t or food cooked in i t , nor 
cause corros ion or encrus ta t ion of the water supply system. 
Cer ta in guide l ines have been made by var ious 
o rgan isa t ions a l l over the v;orld, (U.S.P.H.A. 1962, V/.H.O. 1983 
CtCMR 1975)for evaluat ion of v;ater q u a l i t y for domestic u s e s . 
Nine inorganic contaminats are regarded as ser ious h e a l t h 
hazard, they are Aresnic , Cynide, Cadmium, Lead, Mercury, 
slenium. Chromium N i t r a t e and F lour ide . These s tandard 
gu ide l ines serve as a bas i s for appra isa l of the r e s u l t s 
of chemical analyses of v;ater in terms of s u i t a b i l i t y of 
the water for var ious u se s . 
On the saxne guidelin«G the concent ra t ion of 
var ious major and t r a ce elements encountered in the water 
samples of the study area are compared with the dr inking 
water s tandards of W.H.O. (1984) and I.C.M.R. (1975) which 
i s given in Table ?• 
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Man activities play an a dominant role in 
contaminating water. They are frequently the result of 
industrial activity or may be picked up during treatment, 
storage and distributions as a result of corrosion of metal 
alloys. The table shows that the concentration oi pH, 
Calcium, Copper and Chloride zinc and chromium are well 
with in permissible limits as recommended by W.H.O. (1984) 
and I.C.M.R. (1975), The concentration of magnesium is also 
below the permissible level except at two places and that of 
cadmium and sulphate at one place. On the other hand lead, 
iron and manganese are found higher than the standard limits, 
These trace elements have adverse effects on human health. 
However, consumption of waters by human with concentrations 
encountered in the area are generally not harmful. 
Chloride 
It imports salty taste to water provided that 
sodium ions are present. However, several hundred 
milliggrams per litre of chloride must be present in order 
for saltiness to be detected by taste. High chloride 
contents are corrosive to metals in the distribution system, 
particularly when water has low values of alkalinity. 
High values also have andverse effect on structure and 
agriculture plants. In the study area 88^ locations show 
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chloride below highest desired level. However at Dibai 
mosque the value is 625 ppm which is tiigher than the W.H.O. 
the 
limits. But below/Indian standard Institution value. 
The recommended limits specified for major and 
trace elements in drinking v/ater iron and manganese are both 
essential to the human body. Their intake through 
drinking water is normally an insignificant part of the 
body requirement but it becomes toxic when it exceeds 
the permissible limit. The iron at almost all places 
is higher than the W.H.O. and l.G.M.R, limits, which can 
also cause problems in household use of water as oxides of 
these metals are relatively insoluble forming precipitates 
and stains. 
The recommended limit for zinc is set to avoid 
taste produced by sine at higher concentrations. 
Copper is essential in human metabolism (W.H.O. 1973)-
Its diverse activities may be demonstrated as hemisynthesis, 
connective tissue metabolism, bone development and nerve 
function. The copper concentration in the area are within 
the limit. 
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Cadmium has drawn very much a t t e n t i o n among a l l 
tox ic meta ls . In high amount i t i s deadly poison, but a 
small amount taken over a long per iod of time accumulates 
in the b io log ica l system and causes se r ious i l l n e s s . After 
accunrtulation i t i s r e t a i n e d mainly in l i v e r and kidney, 
thus causing the pa thologica l changes in hepatocytes, and 
kidney tubu les . The major e f f ec t s in the persons occupat-
i o n a l l y ej^osed to Cd, are lung d i seases and renal 
dysfunct ions . (F le i she r , e t a l . 1974, F r ibe rg ct a l . 1974, 
W.H.O. 1977) , Lead taken i n t o the body can be se r ious ly 
i n j u r i o u s to heal th , even l e t h a l , i f taken during shor t or 
prolonged exposure. Prolonged exposure to r e l a t i v e l y small 
q u a n t i t i e s may r e s u l t i n ser ious i l l n e s s or dea th . The 
l ead i s a lso respons ib le to cause mental r e t a rda t i on in 
ch i ld ren , increased abort ion r a t e s in females and i n f e r t i l i t y 
in males. The pregnant women are most s ens i t i ve to 
enviornmental lead exposure (v;.H.O. 1977) . Recent 
l i t e r a t u r e s show tha t i t i s a l so a c aus l t i ve fac tor of 
hypertension (Man Mohan Verma 1987) . Higher concentra t ion 
of lead than permiss ib le l i m i t s , a t most of the p laces in 
the Block, may cause adverse e f f ec t s on the i n h a b i t a n t s . 
Hexavalent chromium i s highly tox ic while the 
t r i v a l e n t chromium i s e s s e n t i a l for e f f i c i e n t l i p i d s , glucose 
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and protien rnQtabolism (U .S .E.P./-4. 19BJ) . 
Chromium was not present in any sanple from the 
area. 
WATER QUALITY FOR IRRIGATION PURPOSE; 
In many regions the most important uses of 
groundwater are for agriculture. In these situations it 
is appropriate to appraise the quality of groundwater 
relative to criteria or guidelines established for livestock 
or irrigation. 
The suitability of an irrigation water mast be 
evaluated on the basis of the specific conditions of use 
which include the crops grown, soil properties, irrigation 
management, cultural practices, and climatic factors. The 
"ultimate" method for assessing the suitability of waters 
for irrigation consists of; 
(1) Predicting the composition of matric potential of the 
soil water both in time and space resxilting from 
irrigation and cropping . 
(2) Interpreting such information in terms of how soil 
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condi t ions are ef fec ted and hov^maay crop would respond 
to such condi t ions under any s e t of c l ima t i c v a r i a b l e s . 
A method using these c r i t e r i a has been developed • 
The bas ic aj^proach i s to 
(a) p r e d i c t the s a l i n i t y , sod ic i ty and tox ic so lu te 
concent ra t ion of the s o i l water witliin a sinrulated crop 
rootzone r e s u l t i n g from use of a p a r t i c u l a r i r r i g a t i o n water 
of given composition a t a specif ied leaching f rac t ion , and 
(b) evaluate the e f f ec t of t h i s s a l i n i t y l eve l (or so lu te 
concentra t ion) on crop y ie ld and of the s o r i d i c i t y level"' on 
s o i l pe rmeabi l i ty . 
In order to study the s u i t a b i l i t y of groundwater 
i n Dibai Block for a g r i c u l t u r a l uses , the e l e c t r i c a l 
conduct iv i ty , t o t a l d issolved s o l i d s r e l a t i v e proport ion 
of sodium to o ther ca t ions and concentra t ion of c e r t a i n 
spec i f i c elements were analysed and the da ta obtained from 
chemical analyses of groundwater samples were processed 
and i n t e r p r e t e d on the e s t ab l i shed g u i d e l i n e . 
Sa l in i ty and Hazards 
I r r i g a t i o n water i s one of the major con t r ibu to r s 
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of soluble s a l t s to the s o i l s in addit ion to those already 
p resen t . I t i s the water t h a t i s removed by evaporation 
or t r an sp i r a t i on , and these are the two process which 
u l t ima te ly control the degree of osmotic s t r e s s to which p l a n t 
wi l l be esqjosed. In the shallow water tab le area vrtiere the 
groi.indwater i s s a l i ne , the evapotranspirat ion process also 
c r ea t e s a sanction forces t ha t may produce an appreciable 
upward flow of water and s a l t s to the roo t zone by which 
many types of s o i l s become salanized atid the v;ater so i l 
s ad in i ty becomes so high as to r e t a r d the germination of 
seed or grovrth of p l a n t s . 
In place of r i g i d l i m i t s of s a l i n i t y for i r r i g a t i o n 
water, qua l i t y in expressed by c lasses of r e l a t i v e s u i t a b i l i t y 
(Wilox, 19 55) . Wilox prepared a c l a s s i f i c a t i o n based on 
the E l e c t r i c a l conductivi ty, sodium percentage. Boron 
concentrat ion and Residual a lkol i t i i ty wliich i s given in 
t a b l e - 8 
Table 8 
Specif ic 
conductance 
minho/cm 
4. 0.75 
0.75 - 2. 
2.00 - 3. 
> 3.0 
.00 
.00 
Guide to the q u a l i t y of 
Sodium 
percentage 
> 65 
50 - 65 
92 
> 92 
0, 
0. 
1 
I r 
Boron 
ppm 
.3 -
.7 -
1 -
.2 -
1 
2 
3 
3. 
•r igation Water 
Residual 
Naj '-J03 
ppm 
< i .25 
< i . 2 5 
1.25-2.5 
,8 > 2 . 5 
Quali ty 
i r r i g a -
t ion 
water 
Excellent to 
good 
Good to perm-
i s s i b l e 
Doubtful to 
unsui table 
UnsuiteOsle 
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T o t a l d i s s o l v e d sa» l ids a r e g e n e r a l l y i n t e r p r e t e d 
a s e l e c t r i c a l c o n d u c t i v i t y and i r r i g a t i o n w a t e r c l a s s i f i c a t i o n 
w h i c h 
b a s e d on e l e c t r i c a l c o n d u c t i v i t y / i s g i v e n b e l o w . The U . S . 
s a l i n i t y L a b o r a t o r y s t a f f (19 54) h a s p r o p o s e d t h e u s e o f 
t h e Sodium A b s o r p t i o n R a t i o ( S . A . R . ) f o r s t u d y i n g t h e 
s u i t a b i l i t y o f g r o u n d w a t e r f o r i r r i g a t i o n p u r p o s e s . I t i s 
d e f i n e d by 
S . A . R . 
N + 
a 
^^r^^ lA.. ++ 
Table 8 Q u a l i t y c l a s s i f i c a t i o n of. i r r i g a t i o n 
w a t e r ( A f t e r U . S . S a l i n i t y L a b o r a t o r y ) 
C l a s s i f i c a t i o n E l e c t r i c a l 
c o n d u c t i v i t y 
i n ndcromohs /cm 
S a l i n i t y A l k a l i 
H a z a r d s H a z a r d s 
C l a s s I E x c e l l e n t 
C l a s s I I Good 
CI as55 I I I M o d e r a t e 
( P e r m i s s i b l e w i t h 
c a u t i o n ) 
C l a s s IV U n s a t i s f a c -
t o r y 
250 
250 - 750 
750 - 2 2 5 0 
2250 - 4 0 0 0 
Low 
M o d e r a t e 
Medium 
H i g h 
High 
u p t o 10 
10 - 18 
18 - 26 
> ' 2 6 
The d a t a o b t a i n e d i s c o i r ^ a r e d and p l o t e d on 
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Wilcox diagram (Pla te XXIII ) . Tno diaymjn revr;aln t h a t most of 
the samples' falls" i n the exce l l en t to good except sarnple 
from Dibai nvssque f a l l in c l a s s doubtful to unsu i t ab le while 
th ree samples are in good to pe rmis s ib l e . 
A so i l high in exchangeable sodium i s very 
undes i rab le for ag r i cu l tu re because i t can become def locu la ted 
and tend to have a r e l a t i v e l y impermeable cirust. This 
condi t ion i s promoted by waters of tiigh 3.i\.R. and reversed 
by waters containing high proport ion of Catcium and 
mangnesium (Hem 1959), 
AS such water c l a s s i f i c a t i o n based on sodium 
absorption r a t i o i s considered to be b e t t e r i nd i ca to r of 
the q u a l i t y of water for i r r i g a t i o n purposes and s ign i f i cance 
of the c l a s s i f i c a t i o n has been presented d iagramat ica l ly 
in P l a t e XXIV. 
Residual ftl^^llnity or Residual sodium Carbonate 
The r e l a t i v e abundance of sodium with r e spec t to 
a l k a l i n e ea r ths and boron, and the quan t i ty of bicarbonate 
and carbonate in excess of a lka l ine ea r th s also inf luence 
the s u i t a b i l i t y of water for i r r i g a t i o n purposes . This 
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excess is denoted by Residual Sodium Carbonate (RSC) and 
is determined by the formula given below. 
RSC = (HCO3 + CO3) - (Ga"*^  + Mg"^ "^ ) 
Where the concentrations are in epm exceeding 
2.5 epm RSC is unsuitable for irrigation purpose, while 
values less than 1,25 epm indicate that the v;ater is 
probably safe, and if the value is between 1,25 & 2»5 
epm. the water is of marginal quality. 
Trace Elements 
Some trace elements such as Gu, Zn, Fe, iH, l«ln, 
Co, etc although in very small amount, are considered to 
be essential for proper growth of plant. 
Perusal of analytical date reveal that the 
concentration of above micro nutrients in different water 
sanples are well below the recommended limit of 
Federal water pollution control federation (1968) and 
Branson (1975) . (Table 10) 
I l l 
Table 10 Trace e lements t o l e r a n c e l i m i t of i r r i g a t i o n water as p roposed by 
FVnPCF (1968) and Ayers and Branson 
(19 75) (mg/1) 
Elements 
copper 
I r o n 
Li thium 
Manganese 
Stronit ium 
Nicke l 
Z i n c 
Cadmium 
c o b a l t 
Lead 
Chromium 
Water use 
(FWPCF, 1968) 
Cont inuous 
0.20 
mm 
5 .0 
2 . 0 
-
0 . 5 
5 .0 
0,005 
0.20 
5 . 0 
5 . 0 
S h o r t term 
i n f i n e 
t e x t u r e d 
s o i l s 
5 .0 
-
5 . 0 
5 .0 
-
2 . 0 
10.0 
0 .05 
10.0 
10.0 
0 .05 
Water use 
(Ayers Bra 
Cont inuous 
0 .20 
5 .0 
2 . 5 
0 . 2 
-
0 . 2 
2 .0 
0.01 
0 ,05 
5 .0 
0 . 1 
inson, 1976) 
S h o r t term 
i n f i n e 
t e x t u r e d 
s o i l s 
5 . 0 
15 .0 
2 . 5 
10 .0 
-
2 . 0 
10.0 
0 .05 
5 .0 
10.0 
1.0 
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INDUSTRIAL USE OF WATER: 
Chemical qual.ity criteria for industrial use vary 
widely. Water quality of different industry differ widely. Excedlent 
quality of waters are required for the manufacture of 
phaurmaceuticals and paper. 
Corrosion and scale formation are the two major 
hazards commonly encountered by almost, all the industries, 
using large quantities of water for cooling and steam 
raising purposes. 
In some areas, groundwater is being extensively 
used for industrial purposes because of their low and relat-
that 
Ively - constant teinperature,.it is obvious/the groundwater ' 
-use is most suitable for the industries requiring more pure 
water as it is av;ay from turbidity, colour and odour. 
The accepted classification of water with regards 
to hardness is as follows: 
Table 11 classification of water on the basis 
of hardness 
S.NO. 
1 . 
2 . 
3 . 
4 . 
Class 
s o f t 
Moderatly hard 
Hard 
Very hard 
Hardness 
0-60 
61-120 
121-180 
180 
SUMHARY AHD COHCLUSXON 
Water i s Important only next to air and a greater 
pa r t of fresh water l i e s tinder-ground. The demand of 
groundwater has constantly been increasing with the increase 
in population, expanding agriculture and escalating indust-
r i a l i z a t i o n . To cope with si tuat ion, India needs a refined 
assessment of her water resources, both sxirface and 
groundwater. For the integrated development, the country 
has been divided into blocks - the lowest administrative 
u n i t . If groundwater resoxirces are evaluated a t block level , 
i t will help emerge a harmonous hydrological framework of 
the whole country. Moreover, the data generated through 
such studies will help planner ana administrator to develop 
the block in a more meaningfxil way. Moreover, India will 
need 234 million tons of food grains by the turn of the 
country for a population of a b i l l ion mark as against the 
present production of 179 million tons of food grain. Further, 
hydrogeological research must be relevant to country's 
development plan. In pursuance of the above,the present 
invest igation of Dibai block was undertaken. 
The Dibai hiLock spreads over an area of 268,78 sq.kras, 
and l i e s in the Ganga - Nim sub-basin, v/hich i s a par t of the 
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Central Ganga basin . There are various shades of opinion 
regarding the origin of the Ganga basins, v iz : i t i s 
interpreted to be a foredeep; or a great r i f t valley vrtiich 
was l a t e r f i l l ed up with alluvium, A third viev; regards i t 
a sagging in the c rus t . According to another view i t i s 
thought to be a resu l tan t of phenomenal sagging of the 
northern plateform of the Bundelkhand shield follovd.ng the 
main. Himalayan episode. However that l a t e s t view considers 
the Indo-Gangatic plain, a peripheral foreland basin formed 
as a r e su l t of continent-continent col l is ion between Indian 
and Asian p l a t e s . 
The Ganga basin i s covered by unconsolidated Quaternary 
alluvium and i s hydrogeologically d ivis ib le into several 
zones l ike Bhabar, Tarai and Central Ganga p la in . Of these 
Central Ganga plain covers the la rges t par t oC the s ta te of 
U.P. and forms a great repository of groundwater. The area 
of investigation i s a par t of the Central Ganga p la in . 
Physiographically the area i s d iv i s ib le into three d i s t i nc t 
physiographic un i t s viz (i) Active Channel of the Ganga 
( i i ) Ganga Khadir ( i i i ) Ganga-Nim Doab, 
The studies of well d r i l l ed by O.N.G.C. and C.G.W.B. ~ 
in the Ganga basin d ip ic t s the sub-surface topography as 
consisting of a l ternate spurs and depression. Studies further 
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show that the bxindelkhand granite formed the basement in 
the Ganga basin. This grani t ic massif underwent s t ruc tura l 
dislocation sometimes during the Pre-Vindhyan time generating 
thereby the two prominent basins viz. East U.P, shelf and 
V«3St u .P, shelf# where upper Vindhyans were deposited.Since 
upper Proterozoic to the lower Tertiary, i t underwent erosion 
and during the pliocene period, Neogene Siwaliks ware 
deposited, which was l a t e r on followed by the deposition of 
Quaternary sediments. 
The study reveals that the Peninsular formations extend 
towards the Himalayan foothi l l s underneath the alluvium, and 
the dislocation of these ea r l i e r rocks with the passage of 
time gave r i s e to different depressions which were l a t e r on 
healed up through the fluvial process leading to present 
configuration of the Ganga basin. 
Hydrogeologically, there occurs th ree- t i e r aquifer 
system down to the depth of 120 m.b .g . l . The aquifer material 
consis ts of fine through rnadium to coarse sand. The gro\and-
water occurs under phreat ic condition in shallow aquifers and 
under semi confined to coutined conditions in the aeeper 
aquifers . 
The pre-monsoon depth to water level ranges between 
116 
0.76 m . b . g . l , to 15.40 m . b . g . l . and pos t monsoon betwaen 
0.61 m . b . g . l . to 12.92 in m . b . g . l . The deep water l eve l 
i s found in upland t r a c t and near the banks of the Ganga 
and Nim r i v e r s . The shallow water t ab l e i s observed i n 
the Ganga Khadir and in the area adj acent to the lower and 
the Upper Ganga Canals . The shallow water t ab l e along the 
cana l s i s due to the excessive seepage through, the Canal 
beds in to the shallow aquifers* In the v i c i n i t y of the Lower 
Gariga Canal water logging condi t ions have developed due 
to the excessive seepage whereas on the eas te rn s ide of the 
Nim r i v e r , near Dibai town, a dec l in ing trend of waber 
l e v e l i s recorded. F luc tua t ion of water t a b l e i s more in 
the uplands and l e s s in the low l a n d s . In general the 
annual f l uc tua t ion ranges between 0 to 0.60 m,, covering 
almost 76% of the a rea . A small patch a t the south-western 
end of the area shows a negat ive f luc tua t ion or r e v e r s a l of 
the groundwater regime. At p l aces , along the Upper Ganga 
Canal, the f luc tua t ion i s more then a met re . The e l eva t i oa 
of water t ab l e dur ing premonsoon ranges from 189 to 169 
metres while 190.70 to 170.19 metres in the post-monsoon 
pe r iods . The regional flow of groundwater in the block i s 
from north-west to soutlv-oast d i r e c t i o n with some loca l 
v a r i a t i o n s . On the r i g h t bank of the Ganga r i v e r the general 
flow i s towards e a s t i . e . , towards the Ganga r i v e r , whereas 
i n the western p a r t , i t i s from n o r t h - e a s t to sou th-eas t i . e . 
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the Nim r i v e r , which SITOWS t h a t both the r i v e r s are i f f l u e n t 
in n a t u r e . The hydraul ic g rad ien t ranges from 0.30 m Am .to 4 nvAm 
The gen t l e hydraul ic grad ien t observed a l l over the a rea 
except near the Ganga bank vrhere i t i s s teep (4 rn/km) which 
may pos s ib l e be due to the predominance of low permeabi l i ty 
zones . There occurs th ree d i s t i n c t groundwater mounds along 
the Anupshahr branch of the Upper Ganga Canal wliich are 
fromod due to the seepage in to the shallow aqu i f e r s . These 
mounds shed water to the Ganga and Nim r i v e r s r e s p e c t i v e l y . 
However, there i s observed one groundwater trough near the 
Nim r i v e r c lose to Dibai town which i s formed due to the 
< 
excess ive withdrawl of groundwater for various purposes, 
much more than the quantum of the average annual recheurge. 
Due to the development of the trough, the Nim r i v e r has 
turned i n to an i n f l u e n t stream. 
The study reveals t h a t ths ne t recharge of the block 
i s 101.22 M.G.M. and net d r a f t i s 30.08 M.C.M., leaving a 
balance of 71.14 M.G.M. as u t i l i z a b l e groundwater resource 
p o t e n t i a l for future development, AS per the NABARD'S norms 
the s t a t u s of groundwater development i s only 29.72^ and 
accordingly the block f a l l s under the 'whi te ' category, 
which shows t h a t there i s a l a rge groundwater surplus in 
the b lock . 
Q u a l i t a t i v e l y , the groundwater of the Dlock i s potable . 
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hard, alkaline in reaction and slightly mineralised. The 
trace element studies show that iron and lead (in the water 
from the shallow aquifers) are much higher* wtiich may prove 
injureous to human health, nence the water from the deeper 
aquifers may be supplied for drinking purposes. However, 
the groundwater is suitable for irrigation as well as 
industrial uses. 
The study shows that only 29,72,'^  of the groundwater 
has oeen utilised till date which is because of the fact, 
that the area lies under the canal commaiid and hence it 
could not be vitilised. The surplus groundwater can be 
transported to neighbouring water defiieoent areas, or more 
stress be given to the further development of groundwater. 
The area where the declining water table is noted, some 
measure to recharge the depleting aquifers should be taken. 
One such measure will be the construction of recharge 
tubewells or a branch of canal may be taken to Dibai town 
which will meet the demand of water and simultaneously it 
will recharge the depleting shallow aquifers. 
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APP£IilDIX - I - A 
ANNUAL RAINFALL IN mm AT ANUPSHAHR RAIN GAUGE STATION 
1 9 5 1 
1 9 5 2 
19 53 
19 54 
19 55 
19 56 
19 57 
19 58 
19 59 
1 9 6 0 
1 9 6 1 
1 9 6 2 
1 9 6 3 
1 9 6 4 
1 9 6 5 
1 9 6 6 
1 9 6 7 
1 9 6 8 
1969 
1 9 7 0 
1 9 7 1 
2 5 4 . 9 
2 9 3 . 8 
1 8 6 . 2 
2 8 8 . 5 
3 9 6 . 0 
4 5 8 . 1 
3 4 0 . 2 
2 7 4 . 3 
2 8 5 . 1 
1 0 3 2 . 9 
7 4 1 . 6 
5 9 0 . 0 
7 0 2 . 5 
1 1 7 5 . 4 
9 4 9 . 3 
5 1 8 . 2 
1 4 3 7 . 5 
5 1 9 . 7 
7 7 3 . 3 
7 9 1 . 5 
7 5 1 . 0 
YEAR 
1 9 8 2 
1 9 8 3 
1 9 8 4 
1 9 8 5 
1986 
1 9 8 7 
1 9 8 8 
1989 
R.\INFALL 
5 7 8 . 5 0 
1 1 6 3 . 5 0 
5 6 1 . 9 7 
6 1 0 . 9 0 
5 0 1 . 2 0 
4 6 8 . 8 0 
1 0 1 8 . 7 0 
4 1 0 . 1 0 
1 2 5 
APPENDIX - I - D 
STATISTICAL ANALYSIS OF RAINFALL DATA, AKIUPSIIAIIR RAINGAUGE 
STATION, D I S T T . BULANDSHAHR 
Cl ass 
Interval. 
0 
100 
200 
300 
400 
500 
600 
700 
800 
900 
1000 
1100 
1200 
1300 
1400 
« i 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
100 
200 
300 
400 
500 
600 
700 
800 
900 
1000 
1100 
1200 
1300 
1400 
1500 
Frequ-
ency 
(f) 
0 
1 
5 
2 
3 
6 
1 
5 
0 
1 
2 
2 
0 
0 
1 
f = 29 
U 
-7 
-6 
~5 
-4 
-3 
-2 
-1 
0 
1 
2 
3 
4 
5 
6 
7 
0^ 
49 
36 
25 
16 
9 
4 
1 
0 
1 
4 
9 
16 
25 
36 
49 
Uf 
0 
-6 
-25 
-8 
-9 
-12 
-1 
0 
0 
2 
6 
8 
0 
0 
7 
Uf = -38 
u2f 
0 
36 
125 
32 
27 
24 
1 
0 
0 
4 
18 
32 
0 
0 
49 
U^f = 348 
Mean R a i n f a l l - x" = X^ + G ( - — ) 
x " = 750 + 100 (- "^® 
29 
= 750 + ( - 1 3 1 . 0 3 ) 
= 750 - 1 3 1 . 0 3 
= 6 1 8 . 9 7 
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Standard Deviation - S.D. = G/ 2^ TTT T 
100 f 
3 4 8 , _ ( --38 ^2 
29 29 
^ 0 ° / 8677 
841 
= 3 21 . 2 
c o - e f f i c i e n t of V a r i a t i o n (x) = — ^ - ^ — x 100 
3 2 1 - 2 . ^ 1 0 0 
6 1 8 . 9 7 
= 5 1 . 8 9 
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APPENDIX - II 
LITHOLOGICAL LOGS OP BOREHOLES DRILLED BY THE 
STATE TJBS^CLL DEPARTMENT IN DIBAI BLOCK 
Lithoiogy Depth range in 
mts. 
Thickness 
in mts 
1 . Tubewell Mo.l: 
Location : Niwari Khader 
Dry med sand 
Sand med with sand stone 
Coarse sand Bajr i and 
Kankar 
Med sand & Kankar 
c lay vd.th sand 
Clay vdth Kankar 
Brovm f ine sand 6t Kenkar 
Brown med sand 
Med sand & stone 
Coarse sand. Clay & s tone 
Fine Sand 
Mod. Sand & Bajr i 
Hard c lay & Kankar 
Sof t Clay 
Brown f ine Sand 
Hard Clay & with Kankar 
Sof t Clay 
0 
3.65 
11.27 
12.48 
15.83 
17.04 
19.47 
23.73 
27,99 
29.81 
30.02 
35.20 
36.11 
39.15 
41.89 
53.78 
55.91 
-
mm 
-
~ 
-
-
-
«• 
-
-
-
-
-
-
-
-
. 
3.65 
11.27 
12.48 
15.83 
17.04 
19.47 
23.73 
27,99 
29.81 
30.02 
35.20 
36.11 
39.15 
41.89 
53.78 
55,91 
58.04 
3.65 
7.62 
1,21 
3.35 
1.21 
2.43 
4.26 
4.26 
1.82 
1.21 
5,18 
0.91 
3.04 
2.74 
11.89 
2.13 
2.13 
Brown f i n e sand 
2 , Tubewell No. - lA 
Locat ion -> Kaaer Kalan 
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58.04 - 62 .61 4«57 
C l a y & Kankar 
Fine brown sand 
Clay & Kankar 
Medium sand 
coarse sand & Kankar 
Medium sand & Kankar 
Fine sand 
coarse sand & Kankar 
Fine sand 
Hard s t i cky c lay 
MediiMi sand 
coarse sand & sand stone 
Medium Brovn sand 
Coarse sand & Sand stone 
Medium sand 
coarse sand & sand s tone 
Clay & Kankar 
0 . 
4.87 
7.49 
18.77 
23.95 
26.38 
29.73 
31.55 
36.73 
37.33 
45.85 
53.77 
55.59 
59.35 
61.98 
62.50 
64.32 
-
-
«M» 
-" 
-
-
-
-
-
-
-
-
-
-
-
-
. 
4.87 
7.49 
18.77 
23.95 
26.38 
29.73 
31.55 
36.73 
37.33 
45.85 
53.77 
55.59 
59.85 
61.98 
62.50 
64.32 
64.9 2 
4.87 
2.62 
11.28 
5.18 
2.43 
3.35 
1.82 
5.18 
0.60 
8.52 
7.92 
1.82 
4.26 
2.13 
1.52 
1.82 
0.60 
3 . XcOssUttir N o . - 2 
Locat ion - Jalrampur 
Fine sand 0 - 9 .14 9 .14 
Med sand 9.14 - 22.84 13 .7 
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Hard Clay 
Kankar & Clay 
Med, sand 
Hard c l a y 
Kankar & S tone 
Lehol 
22.84 - 25.27 
25.27 - 27.70 
27.70 - 43.85 
43.35 - 48.72 
48.72 - 49.32 
49.32 - 52.67 
2.43 
2.43 
16.15 
4.87 
0.60 
3.35 
4 . Tubewell No. - 2fi 
Locat ion - D iba i Khurd 
Clay 
Fine Sand 
Clay 
Coarse Sand & Bajr i 
Clay 
Med Sand 
Med Sand & Bajri 
Sand Sc Sand stone 
Clay 
Sand £t Sand stone with Clay 
Sand & Kankar 
Coarse Sand & Baj r i 
Pine sand 
Med. sand 
Sand s tone 
Coarse sand & Stone 
0 
3.35 
4.26 
14.62 
20.10 
24.06 
28.02 
31.06 
23.80 
28.37 
36.60 
39.03 
40.24 
41.15 
49.38 
53.95 
— 
-
-
-
-
-
-
-
mm 
-
-
-
-
-
-
,m 
3.35 
4.26 
14.62 
20.10 
24.06 
28.02 
31.06 
23.80 
28.37 
36.60 
39.03 
40.24 
41.15 
49.38 
53.95 
56.08 
3.35 
0.91 
10.36 
5.48 
3.96 
3.96 
3.04 
2.74 
4.57 
8.23 
2.43 
1.21 
0.91 
8.23 
4.57 
2.13 
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56.08 - 57.84 1.76 
0 . 
8.84 -
16,76 -
22.55 -
31,39 -
33,31 -
38.18 -
8.84 
16.76 
22,55 
31.39 
33.31 
38,18 
46,41 
8.84 
7.92 
5.79 
8.84 
1.82 
4.87 
8,23 
Clay 
5« Tubewoll No. - 15 
Location - J a l a l p u r 
Sticicy hard c lay viith hard 
kankar 
Fine sand 
Med. sand vdth Ba j r l 
St icky hard clay with Ba j r i 
Lehal 
Hard Clay with sandy Kaxikar 
Hard c lay witto Kankar 
6 . Tube>iell No* 18 
Locatioa - Dibai 
surface c lay 0 , - 6.09 6.09 
Sand c lay 6.09 - 10,96 4,37 
c l a y & Kankar 10,96 - 13.09 2,13 
Sand f ine 13,09 - 16,13 3,04 
Sand f ine to Med. <y Sandstone 16,13 - 19,17 3,04 
Sand medium 19,17 - 20,69 1*52 
Clay s t i c k y 20,S9 - 23.73 3.04 
s o f t c lay 23,73 - 30,77 3.04 
Sandy Clay & Kankar 30.77 - 33.81 3.04 
Clay & Kankar 33.81 - 35.01 1.2 
131 
Sand f i n e & Sandstone 
Clay 6t Kankar 
Sand f i n e 
Sand f i n e to med sand s tone 
Sand coarse 
Sand n^dium £c Sand stone 
Sand f ine to medium 
Sand f i n e t o medium & Sandstone 
Sand medium & Sandstone & Benes 
35.01 - 39.27 
39.27 - 4 2 . 9 2 
42 .92 - 45 .96 
45 .96 - 48.39 
48 .39 - 51.43 
51.43 - 55.39 
55,39 - 61 .48 
61 .48 - 71 .84 
71.84 - 73 .66 
4 .26 
3 .65 
3 .04 
2.43 
3 .04 
3 .96 
6 .09 
10.36 
1.82 
7 . TubeMBll NO* - 22 
Locat ion - chilaagpfar 
Surface Clay 
Pine to med sand 
Clay 
Fine t o med sand with s tone 
Med sand 
P ine to med sand 
Med. Sand 
Fine to med sand with sandstone 
Clay & Kankar 
F ine sand wi th s tone 
Clay Kankar 
Fine sand 
Clay St Kankar 
0 
3.04 
19 .80 
21.32 
27.41 
42 .65 
45.69 
57 .88 
58 .85 
65 .55 
73.17 
75 .30 
78 .34 
-
-
-
-
-
-
-
-
mm 
" 
-
-
. 
3 . 0 4 
19 .80 
21.32 
27,41 
42 .65 
45.69 
57 .88 
58 .85 
65 .55 
73 .17 
75 .30 
78 .34 
81 .38 
3 .04 
16 .76 
1 .52 
6 .09 
15.24 
3 .04 
12 .19 
10.97 
6 .70 
7 .62 
2.13 
3 .04 
3 .04 
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8 . Tobewell No. 26 
IfOcatlon Udalpur 
Clay 0 - 3.65 3.65 
Sandy clay & Kankar 3.65 - 7.30 3.65 
Medium Sand 7.30 - 18.27 10.97 
coarse sand 18.27 - 21.31 3.04 
Soft c l ay & Baj r i 21.31 - 24.35 3.04 
s o f t Sandy Clay & Kankar 24.35 - 27.70 3.35 
Di r ty f ine sand 27.70 - 30.74 3.04 
Good f ine sand 30.74 - 34.09 3.35 
Hard c l ay & Kankar 34.09 - 37.74 3.65 
9, Tubewoll Ho* 36 
Location Lohgarh 
su r face Clay 
Fine medium sand and sandstone 
Brovm Clay 
Fine medium saiid, brovm 
BrovAi Clay 
Fine medium sand grey 
Medium sand 
Medium sand 
coarse sand and gravel 
Brown Clay 
Clay 
c l ay 
0 . 
3.04 
20.7 
33.5 
35.06 
50.30 
57.90 
64.02 
67.07 
70.12 
79.26 
-
-
-
-
-
• M 
-
-
-
-
.m 
3.04 
20.7 
33.5 
35.06 
50.30 
57.90 
64.02 
67.07 
70.12 
79.26 
96.03 
3.04 
17.60 
12.80 
1.50 
15.20 
7 . 6 
6.12 
3.10 
3.05 
9.14 
16.70 
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Brovm f ine sand 
Medium sand 
Brown f ine sand 
Clay 
96,03 - 97.50 
97.50 -109.70 
109.70 -111.20 
111.20 -113.70 
1.50 
12.20 
1.5 
2.5 
10 . Tubewell No. 40 
IjOcat;lon - Kaser 
Surface Clay 
Fine Sand 
Fine to inedium sand 
Med» Sand with stone 
Clay & Kankar 
Clay 
Fine to med Sand 
Medium sand 
Clay & Kankar 
Very f ine sand with stone 
Fine to med sand 
Med. Ssuid with stone 
Fine t o mad. sand 
Med sand with stone 
Fine to mc^ dium sand 
Fine sand with s tone 
Clay St Kankar 
Fine to m.ed sand 
0 
3.04 
9.13 
12,17 
18.26 
24.35 
26.78 
30.43 
31,95 
33.77 
36.51 
39,55 
4 2.59 
45.63 
48.67 
51.71 
53.53 
58.10 
-
-
-
-
-
mm 
-
-
-
-
-
-
-
-
-
-
mm 
•* 
3.04 
9,13 
12.17 
18,26 
24.35 
26.78 
30.43 
31.95 
33.77 
36.51 
39.55 
42.59 
45.63 
48.67 
51.71 
53.53 
58,10 
61.14 
3 . 4 
6.09 
3.04 
6.09 
6.09 
2.43 
3,65 
1.52 
1.82 
2.74 
3.04 
3.04 
3.04 
3.04 
3,04 
1.02 
4,57 
3,04 
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Med sand vdth s t o n e 61,14 - 67.23 6 ,09 
Very £ino aaxid w i t h a tone 67 .2 3 - 70 .27 3.04 
Clay & Kaiikar 70.27 - 76.36 6.09 
l l . T u b e w e l l No. 42 
Locat ion - Hi rapur 
S\irface Clay 
F i n e Sand 
F ine t o med sand 
Med sand 
Clay Kankar 
F ine sand 
F ine t o med sand 
F ine Sana w i t h s tone 
Clay Kankar 
Kankau: 
Clay 
F i n e sand 
Clay ' 
Very f i n e sand 
Fine t o med. Sand 
Med Sand 
Clay Kankar 
F i n e sand 
0 
2.43 
6.12 
14.65 
21.35 
25.00 
27.43 
30.47 
33 .b l 
38.69 
41.43 
45.69 
48.73 
51.16 
54.85 
57.89 
58.86 
59.22 
-
-
-
-
-
-
-
-
-
-
-
««» 
-
-
-
-
-
. 
2.43 
8.12 
14.65 
21.35 
25.00 
27.43 
30,47 
33.51 
38.69 
41.43 
45.69 
48.73 
51,16 
54,35 
57.89 
58.86 
59.22 
65.31 
2.43 
3.69 
8.53 
6.70 
3.65 
2 .4 i 
3,04 
3.04 
5.18 
2.74 
4.26 
3.04 
2.13 
3,69 
3.04 
10.97 
10.36 
6.09 
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F i n e t o Med, Sand 
Med aand 
Med to Coarsa Sand 
cl4y 
65.31 - 71. 40 
71.4 0 - 77.49 
77.49 - 80.04 
80.84 - 03.'30 
6.09 
6.09 
3.35 
2.74 
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APPENDIX - V 
RRSULT3 OF MECHANICAL ANM^YS 13 OF THE GMIGA SAND 
DEPTH - 30 cm. 
Mesh 
No. 
20 
25 
35 
45 
bU 
80 
120 
170 
230 
Pan 
S i z e 
0.84 
0 ,71 
0.50 
0 .35 
Dm ^-> 
0.17 
0 .12 
0 . 0 8 
0.06 
0.06 
Weight 
r e t a i n e d 
i n gram 
-
0 .02 
0 .10 
0.69 
1 T (TO 
X J mKrs 
23.14 
51.64 
7 .42 
1.87 
0 .44 
Weight 
% 
r e t a i n e d 
-
0 .02 
0.10 
0 .70 
1 T i n 
X J » J U 
23.51 
52.46 
7.53 
1.90 
0.44 
Cunula-
t i v e 
we igh t 
% 
r e t a i n e d 
-
0,02 
0 ,12 
0 .82 
1 i 1 "^  J.4 .J. id 
37.63 
90.09 
97.62 
99 .52 
99 .96 
Curaulatlva 
we igh t % 
p a s s i n g 
100.00 
99 ,98 
99 ,88 
98 ,18 
UtS.uU 
62.37 
9 ,91 
2 ,38 
0 ,48 
0.04 
DEPTH : 60 Cnu 
141 
Mash 
No. 
20 
25 
35 
4 5 
60 
80 
120 
170 
230 
Pan 
S i s e 
(mm) 
0.84 
0 .71 
0 .50 
0 .35 
0.25 
0.17 
0 .12 
0.08 
0 .06 
0.06 
Weight 
r e t a i n e d 
i n gram 
«» 
0.03 
0 .09 
0 .37 
2.49 
6 .22 
51.97 
24.46 
10.26 
3 ,38 
Weight 
% 
r e t a i n e d 
_ 
0.03 
0 .09 
Q.37 
2.50 
6.26 
52 .35 
24.63 
iU.33 
3.40 
Cumula t ive 
He igh t % 
r e t a i n e d 
_ 
0.03 
0.12 
0 .49 
2.99 
9 .25 
61 .60 
86 ,23 
90.DO 
99 .96 
Curaul ativ< 
we igh t % 
p a s s i n g 
100 
99.97 
99 .88 
9 9 , 5 1 
97 .01 
90 .75 
38 .40 
13.77 
9*'W*9^ 
0.04 
DEPTH t 1 .0 m. 
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McisVl 
N o , 
S i z e 
(mm) 
Weigh t w e i g h t C u m u l a t i v e C u m u l a t i v e 
r e t a i n e d % w e i g h t % w e i g h t % 
i n g r am r e t a i n e d r e t a i n e d p a s s i n g 
20 
25 
35 
45 
60 
QQ 
120 
170 
230 
Pan 
0 . 8 4 
0 . 7 1 
0 . 5 0 
0 , 3 5 
0 , 2 5 
a*i2 
0.12 
0.08 
0.06 
0.06 
0.03 
0.06 
0.26 
2.68 
7.42 
58.67 
21.37 
6.60 
1.77 
0.03 
0.06 
0.26 
2.71 
7.50 
59.34 
21.61 
6.60 
1.79 
0.03 
0.09 
0,35 
3.06 
69.90 
91.51 
98,10 
99.90 
100.00 
99.97 
99,91 
99,65 
96.94 
^9.44 
30.10 
8.49 
1.89 
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